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FOREWORD
T h is  d i s s e r t a t i o n  i s  d iv id e d  i n t o  two p a r t s :
I .  The s tu d y  o f  th e  o - ,  m- and £ -  iso m e rs  o f  v a r i o u s  
d i s u b s i t u t e d  b e n z e n e s ,  one s u b s t i t u e n t  b e in g  an  e l e c t r o n  do n o r  and 
th e  o t h e r  an  e l e c t r o n  a c c e p to r .
I I .  The s tu d y  o f  v a r i o u s  1- and 2- s u b s t i t u t e d  n a p h th a le n e  
d e r i v a t i v e s ,  s p e c i f i c a l l y  th e  1 - and 2 - n a p h th o ic  a c i d s ,  t h e i r  e s t e r s
DISUBSTITUTED BENZENES
The c l a s s  o f  o r g a n ic  m o le c u le s  w hich  e x h i b i t  r e l a t i v e l y  l a r g e  
g round  s t a t e  d i p o l e  moments i s  o f  immense p r o p o r t i o n .  T h is  r e s e a r c h  
i s  co n ce rn ed  w i th  a s m a l l  segment o f  t h i s  l a r g e  c l a s s  (nam ely , m o le c u le s  
o f  s t r u c t u r e  D -  cp -  A, w here D i s  an  e l e c t r o n - d o n o r  s u b s t i t u e n t ,  <p i s  
a benzene  r i n g  and A i s  an  e l e c t r o n - a c c e p t o r  s u b s t i t u e n t ) ;  we r e f e r  
t o  t h e s e  a s  th e  " h i g h l y - p o l a r  a r o m a t i c  m o le c u le s " .
The e l e c t r o n i c  s p e c t r o s c o p y  o f  h i g h l y  p o l a r  a r o m a t i c  m o lecu le s  has
b e e n  much d i s c u s s e d . ^  Most c o n s i d e r a t i o n s ,  how ever,  have  viewed
D-cp-A m o le c u le s  from t h e  s t a n d p o i n t  o f  s u b s t i t u e n t  e f f e c t s  on th e  
2 3p a r e n t  a r o m a t i c ,  * o r  have been  conce rned  w i th  th e  r e l e v a n c e  o f  i n t r a -
4 -9m o le c u la r  c h a rg e  t r a n s f e r  c o n c e p t s ,  o r  th e  u t i l i t y  o f  e l e c t r o c h r o m ic  
e f f e c t s  i n  a s s i g n i n g  th e  s p e c t r a  o f  h i g h l y - p o l a r  m o l e c u l e s . ^  
N e v e r t h e l e s s ,  o u r  u n d e r s t a n d in g  o f  th e  e x c i t e d  s t a t e  e l e c t r o n i c  p r o p e r ­
t i e s  o f  t h e s e  m o le c u le s  re m a in s  i n  a p r i m i t i v e  s t a g e .
In  t h e  n i t r o a n i l i n e s ,  w h ich  a r e  one o f  t h e  more p o l a r  s u b s e t s  o f  
D-cp-A m o le c u le s ,  t h e r e  i s  c o n s id e r a b le  c o n t r o v e r s y  o v e r  t h e  e l e c t r o n i c  
t r a n s i t i o n  ty p e s  and th e  number o f  t t *  *- n  t r a n s i t i o n s  w h ich  a r e  
embedded i n  t h e  l o w e s t - e n e r g y  a b s o r p t i o n  b a n d . ^ * ** I t  i s  o u r  
c o n t e n t i o n  t h a t  some o f  th e  d i f f i c u l t i e s  in v o lv e d  i n  th e  e l e c t r o n i c  
s p e c t r o s c o p y  o f  th e  more p o l a r  s u b s e t s  ( i . e . ,  o - ,  m- and £-D-cp-A) 
may be r e s o lv e d  on th e  b a s i s  o f  s t u d i e s  o f  w e a k ly - p o la r  s u b s e t s  such  
a s  th e  f l u o r o b c n z o n i t r i l e s ,  m o d e ra te ly  p o l a r  s u b s e t s  su ch  a s  th e  
c y a n o a n i s o l e s ,  o r  even  s p e c i f i c  p o l a r  s u b s e t s  su ch  a s  t h e  c y a n o a n i l i n e s  
and am in o a c e to p h e n o n e s .
v
The d e g re e  o f  p o l a r i t y  o f  t h e s e  m o le c u le s  i s  d e te rm in e d  by th e
donor  and a c c e p t o r  c h a r a c t e r s  o f  th e  s u b s t i t u e n t  on t h e  a r o m a t i c  r i n g .
We have p erfo rm ed  a g e n e r a l  e x p e r im e n ta l  s u rv e y  on a number o f  s u b s e t s
o f  such  com pounds; th e  d a t a  a r e  g iv e n  i n  T ab le  I  o f  C h ap te r  VI. The
data of Table I are arranged in decreasing order of fluorescence
and p h o s p h o re s c e n c e  e n e r g i e s .  T h is  o r d e r  i s  i d e n t i c a l  t o  t h a t  w h ich  
12m igh t be e x p e c te d  on th e  b a s i s  o f  i n c r e a s i n g  dono r  s t r e n g t h  o f  D
and i n c r e a s i n g  a c c e p t o r  s t r e n g t h  o f  A.
F our  o f  t h e  s u b s e t s  l i s t e d  i n  th e  t a b u l a t i o n  a l l u d e d  to
above ( i . e . ,  f l u o r o b e n z o n i t r i l e s ,  c y a n o a n i s o l e s ,  c y a n o n a n i l i n e s  and
a m in o ace to p h en o n es )  have been  s tu d ie d  i n  c o n s i d e r a b l e  d e t a i l .
These  f o u r  s e t s  a r e  p r o t o t y p i c a l  o f  th e  c l a s s  h i g h l y  p o l a r  a r o m a t l c s .
The r e p o r t e d  work f o r  th e s e  f o u r  s u b s e t s  i s  co n ce rn ed  w i t h
t h e  i d e n t i f i c a t i o n  o f  th e  number and ty p e s  o f  e l e c t r o n i c  t r a n s i t i o n s
o c c lu d e d  i n  th e  lo w e s t  e n e rg y  a b s o r p t i o n  band .  The l a r g e s t  v a lu e  o f
quantum y i e l d  r a t i o  i s  e x h i b i t e d  by th e  £ -  d e r i v a t i v e  i n  a l lF F
c a s e s ;  t h i s  o b s e r v a t i o n  i s  d i s c u s s e d  and r a t i o n a l i z e d .
THE NAPHTHOIC ACIDS
The n a p h t h o ic  a c i d s  a r e  n o t  p a r t i c u l a r y  p o l a r :  The d i p o l e
13moment o f  1 - n a p h th o ic  a c i d ,  f o r  exam ple ,  i s  1 .76D . However,
s u b s t i t u t i o n  o f  e l e c t r o n - d o n o r  g ro u p s  on th e  r i n g  sy s tem  p ro d u c e s  a 
g r e a t  v a r i e t y  o f  h i g h l y  p o l a r  m o l e c u l e s ^  ^  and th e  u n d e r s t a n d in g  
o f  t h e s e  r e q u i r e s  some a p p r e c i a t i o n  f o r  th e  s p e c t r o s c o p y  o f  t h e  
p a r e n t  n a p h th o ic  a c i d s .
vi
SIGNIFICANCE
The s i g n i f i c a n c e  o f  t h i s  work f o r  b i o l o g i c a l  sy s tem s  i s  as
19 20f o l l o w s :  some a r o m a t i c  amino a d d s  ( e . g .  p h e n y l a l a n i n e ,  t y r o s i n e  ’
21 22
and t r y t o p h a n e )  '  e x h i b i t  phenomena w h ich  a p p e a r  t o  be q u i t e  
g e n e r a l  f o r  m o le c u le s  o f  ty p e  D-Ar-A. An u n d e r s ta n d i n g  o f  th e  more 
fu n d a m e n ta l  compounds ( e . g .  c y a n o a n is o le  and c y a n o a n l l l n e )  may form 
a good b a s i s  f o r  t h e  s tu d y  o f  t h e s e  b i o l o g i c a l l y  Im p o r ta n t  amino a c i d s .
N ap h th a len e  d e r i v a t i v e s  have been  used  a s  f l u o r e s c e n c e  p ro b e s  f o r
2 3 24
e l i c i t i n g  in f o r m a t io n  ab o u t  enzymes , m i t o c h o n d r i a l  membrane ,
25and n e rv e  e x c i t a t i o n  . I n t e r p r e t a t i o n  o f  f l u o r e s c e n c e  changes  r e l a t e d  
t o  t h e  ch em ica l  e n v i ro n m e n t  i n  t h e  b i o l o g i c a l  sy s tem s  r e q u i r e s  an 
u n d e r s t a n d in g  o f  t h e  e x c i t e d  s t a t e s  in v o lv e d .
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PART I .  
DISUBSTITUTED BENZENES
ABSTRACT (Part n
The a b s o r p t i o n  and e m is s io n  s p e c t r a  o f  a number o f  h i g h l y -
p o l a r  m o le c u le s  o f  ty p e  D -  cp - A, w here D i s  an  e l e c t r o n - d o n o r
s u b s t i t u e n t ,  cp i s  an u n s a t u r a t e d  r i n g  system  and A i s  an  e l e c t r o n -
a c c f p t o r  s u b s t i t u e n t ,  have been  i n v e s t i g a t e d .  F l u o r o b e n z o n i t r i l e s ,
c y a n o a n i s o l e s ,  c y a n o a n i l i n e s  and am in o ace to p h en o n es  w ere  s tu d i e d  i n
d e t a i l .  I t  i s  shown t h a t  t h e  lo w e s t  e n e rg y  a b s o r p t i o n  band o f  th e
w eak ly  p o l a r  f l u o r o b e n z o n i t r i l e s  c o n s i s t s  o f  o n ly  one r e l a t e d
*
t r a n s i t i o n  o f  t t  t t  n a t u r e .  F o r  th e  m o d e ra te ly  p o l a r  c y a n o a n i s o l e s ,
and th e  h i g h l y  p o l a r  c y a n o a n i l i n e s  and am in o a c e to p h e n o n e s ,  t h e
In w es t  e n e rg y  a b s o r p t i o n  band of th e  £ -  d e r i v a t i v e s  i s  p roved  t o  be
★
a c o m p o s i te  o f  a t  l e a s t  two t r a n s i t i o n s  o f  t t  <- t t  n a t u r e .  The h ig h e r
e n e rg y  t r a n s i t i o n  i s  -  r e l a t e d  and th e  low er e n e rg y  t r a n s i t i o n  i sa
^"L^- r e l a t e d .  The lo w es t  e n e rg y  band o f  th e  o- and m- d e r i v a t i v e s
1 * c o n s i s t s  o f  o n ly  one L^- r e l a t e d  t r a n s i t i o n  o f  t t  « -  t t  n a t u r e .  The
f l u o r e s c e n c e  i s  shown t o  be th e  i n v e r s e  o f  th e  r e l a t e d  t r a n s i t i o n
i n  a l l  f o u r  s u b s e t s  o f  m o le c u le s .  These c o n c lu s io n s  a r e  b ased  on th e
a b s o r p t i o n  d a t a ,  e m is s io n  d a t a  and k i n e t i c  a n a l y s e s .
F o r  a l l  th e  m o le c u le s  i n v e s t i g a t e d ,  w i th  t h e  e x c e p t io n  o f
th e  c h l o r o b e n z o n i t r i l e s ,  i t  i s  o b se rv e d  t h a t  th e  £ -  iso m e r  a lw ays
e x h i b i t s  th e  l a r g e s t  $ p / r a t i o .  T h is  e f f e c t  i s  a t t r i b u t a b l e  t o  th e
s m a l l  $ ; i n  o t h e r  w o rd s ,  th e  S ,-^ » T .  p r o c e s s  can  com pete most
f  1 1
e f f i c i e n t l y  w i t h  -• Sq f l u o r e s c e n c e  i n  th e  £ -  i s o m e r .
The -  r e l a t e d  band h as  a l a r g e r  ch a rg e  t r a n s f e r  component (1
t h a n  th e  r e l a t e d  band . Thus, th e  e n e rg y  decrem en t o f  th e  -
x x i i i
r e l a t e d  band i s  e x p e c te d  t o  be l a r g e r  th a n  t h a t  o f  t h e  r e l a t e d
band upon an  i n c r e a s e  o f  t h e  ch a rg e  t r a n s f e r  c h a r a c t e r  o f  th e  
m o le c u le  w h ich ,  i n  t u r n ,  depends  on th e  r e l a t i v e  d o n o r / a c c e p to r  
s t r e n g t h  o f  th e  s u b s t i t u e n t  p a i r .
The e n e rg y  gap o f  t h e  £ -  d e r i v a t i v e s ,  *L -  i s  a
f u n c t i o n  o f  th e  p o l a r i t y  o f  th e  m o le c u le .  The m a g n itu d e s  o f  t h e  •• 
s e p a r a t i o n s  c o r r e l a t e  w i th  t h e  r a t i o s  o f  th e  £ -  d e r i v a t i v e s .
I t  i s  shown t h a t  an  i n c r e a s e  o f  th e  e n e rg y  gap c o r r e s p o n d s  t o
a d e c r e a s e  o f  th e  n o rm a l iz e d  $ p / r a t i o .
ABSTRACT ( P a r t  I I )
The a b s o r p t i o n  and e m is s io n  s p e c t r a  o f  1- and 2 - n a p h th o i c  
a c i d s  and a number o f  t h e i r  d e r i v a t i v e s  have b een  I n v e s t i g a t e d .  The 
S^, T^, and Sq e n e r g y  l e v e l s  o f  s o l v e n t  H-bonded monomers and i n t e r n a l l y  
H-bonded d im e r s  a r e  a f f e c t e d  by t h e  ty p e  o f  H -bond ing ,  by p e r i - l n t e r -  
a c t i o n s ,  by  s t e r i c  f a c t o r s  p ro v id e d  by  s u b s t i t u e n t  g ro u p s ,  and by 
s o l v e n t  e f f e c t s .  The e x c im e r  f l u o r e s c e n c e  o f  1 - n a p h th o i c  a c i d  h a s  
b e e n  d e t e c t e d  and i s  t h e  s o l e  f l u o r e s c e n c e  o f  th e  c r y s t a l ;  i t  is  
a t t r i b u t e d  t o  a t e t r a m e r i c  sandw ich  com plex o f  two d im e r s .  The 
1 - n a p h t h o i c  a c i d  c r y s t a l  a l s o  e x h i b i t s  d e la y e d  e x c im e r  f l u o r e s c e n c e  
o f  a t r i p l e t - t r i p l e t  a n n i h i l a t i v e  t y p e .
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CHAPTER I.
CALIBRATION OF INSTRUMENTATION AND MEASUREMENT 
OF QUANTUM YIELD
INTRODUCTION
A " t r u e "  e m is s io n  sp ec tru m  c o n s i s t s  o f  th e  s p e c i f i c a t i o n  o f  
th e  number o f  e m i t t e d  q u a n ta  p e r  u n i t  w a v e le n g th  ( o r  en e rg y )  i n t e r v a l  
a s  a f u n c t i o n  o f  w a v e le n g th  ( o r  e n e r g y ) .  S in ce  th e  t r a n s m i s s i v i t y  o f  
a l l  s p e c t r o m e te r  com ponents , t h e  r e f l e c t i v i t y  o f  a l l  m i r r o r  s u r f a c e s  
and th e  s e n s i t i v i t y  o f  a l l  d e t e c t o r s  a r e  n o t  in d e p e n d e n t  o f  p h o to n  
w a v e le n g th ,  i t  f o l lo w s  t h a t  " t r u e "  e m is s io n  s p e c t r a  a r e  r a r e l y  r e ­
c o rd e d .  The g e n e r a t i o n  o f  " t r u e "  e m is s io n  s p e c t r a  r e q u i r e s  th e  
c a l i b r a t i o n  o f  th e  a n a l y s i n g  monochrom ator and th e  d e t e c t i o n  sy s tem . 
The g e n e r a t i o n  o f  " t r u e "  e m is s io n  e x c i t a t i o n  s p e c t r a  i s  more com­
p l i c a t e d  and r e q u i r e s  th e  a d d i t i o n a l  c a l i b r a t i o n  o f  th e  e x c i t a t i o n  
l i g h t  s o u rc e  and th e  e x c i t a t i o n  m onochrom ator. C a l i b r a t i o n  p ro c e d u re s
have been  d i s c u s s e d  by a number o f  a u t h o r s ;  o f  t h e s e ,  we found th e
1 2  3w orks o f  P a rk e r  , W hite , and D ru sh e l  t o  be most u s e f u l .
Once th e  t r u e  e m is s io n  sp ec tru m  h as  b een  d e te rm in e d ,  i t  can 
be used d i r e c t l y  t o  o b t a i n  th e  lu m in escen c e  quantum y i e l d  o f  a com­
pound by co m p ar iso n  w i th  a s t a n d a r d  s u b s ta n c e  o f  known a b s o l u t e  
quantum y i e l d .  The c h o ic e  o f  s t a n d a r d  s u b s t a n c e s  i s  Im p o r t a n t ,  s in c e  
a l l  q u a n t i t a t i v e  s p e c t r o f l u o r i m e t r i c  m easurem en ts  depend u l t i m a t e l y  
on th e  com parison  o f  th e  i n t e n s i t y  o f  th e  lu m in escen c e  o f  th e  t e s t  
s o l u t i o n  w i th  t h a t  o f  a s o l u t i o n  o f  a s ta n d a r d  s u b s t a n c e .
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CALIBRATION OF INSTRUMENTATION 
CALIBRATION OF DETECTION SYSTEM 
I n t r o d u c t i o n :
The d e t e c t i o n  sy s tem  c o n s i s t s  o f  t h e  e m is s io n  ( o r  a n a l y s i n g )
m onochrom ator,  a p h o t o m u l t i p l i e r  t u b e ,  a s s o c i a t e d  r e a d - o u t  e l e c t r o n i c s
/
and an  X-Y r e c o r d e r .  The a s s o c i a t e d  r e a d - o u t / r e c o r d i n g  sy s tem  I s  
l i n e a r  I n  th e  s i g n a l  s u p p l ie d  by th e  p h o t o m u l t i p l i e r .  However, t h e  
s i g n a l  g e n e r a te d  by th e  p h o t o m u l t i p l i e r  I s  n o t  l i n e a r  I n  th e  I n t e n s i t y  
I n c i d e n t  on th e  m onochrom ator e x c e p t  a t  one f i x e d  w a v e le n g th ;  In d e e d ,  
f o r  a f ix e d  number o f  p h o to n s  I n c i d e n t  on th e  monochrom ator a t  any 
w a v e le n g th  X, th e  p h o t o m u l t i p l i e r  s i g n a l  I s  n o t  c o n s t a n t  and I s  a 
d i s t i n c t  f u n c t i o n  o f  p h o to n  w a v e le n g th .  That i s
r P = n I \
w here Tp i s  t h e  g e n e r a te d  p h o t o c u r r e n t ,  n i s  t h e  ( c o n s t a n t )  number o f  
p h o to n s  o f  v a r i a b l e  w a v e le n g th  X, and I  i s  th e  r e s p o n s e  cu rv e  o f  th e  
m o n o c h ro m a to r /p h o to m u l t ip l ie r  sy s te m . In  o r d e r  to  m easure  n ,  i t  i s
n e c c e s s a r y  t o  know th e  r e s p o n s e  cu rv e  l _ .A
Method:
A G .E . D X W -  lOOOwatt lamp w i th  c o i l e d  t u n g s t e n  f i l a m e n t  
was used a s  a s t a n d a r d  s o u rc e  o f  known p h o to n  o u tp u t  rv(X). The
s p e c t r a l  r a d i a n t  i n t e n s i t y  o f  t h i s  lamp sy s tem  (E PI-1404) i s  c i t e d
2 2 I n  m ic r o w a t t s  p e r  cm p e r  nanom eter  ( i . e . , p H / c m  mp) c a l i b r a t e d  f o r
us o v e r  t h e  s p e c t r a l  ra n g e  0 .2 5  t o  0 .7 5 p  by th e  N a t i o n a l  B ureau  o f
S ta n d a rd s .
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The s t a n d a r d  lamp, l e n s ,  m onochrom ator ( J a r r e l l  -  Ash 500 mm
p la n e  g r a t i n g )  and p h o t o m u l t i p l i e r  ( P r i n c e t o n  A p p lie d  R e s e a rc h  Model
182) w ere  a l i g n e d  a s  shown I n  F ig u r e  l - - f o r  d e t a i l e d  s p e c i f i c a t i o n s
t h e  r e a d e r  sh o u ld  r e f e r  t o  S t a i r s ,  S c h n e id e r  and J a c k s o n ^ .  The lamp
s p e c tru m  was th e n  r e c o rd e d  o v er  th e  ra n g e  250-700mn.
The r e l a t i v e  I n t e n s i t i e s ,  a s  m easured  above and a s  o b ta in e d
from  NBS, w ere  e q u a te d  a t  some a r b i t r a r y  w a v e le n g th  and n o rm a l iz e d  a t
a l l  X r e l a t i v e  t o  t h i s  a r b i t r a r y  X. C o r r e c t io n  f a c t o r s  p e r  u n i t
w a v e le n g th  i n t e r v a l  w ere  th e n  o b ta in e d  from th e  e q u a t i o n .
c = X (E /1  ) em p '
w here  Cem i s  t h e  c o r r e c t i o n  f a c t o r  a t  a  g iv e n  w a v e le n g th ;  E ifc t h e  s p e c t r a l  
i r r a d i a n c e  p e r  u n i t  w a v e le n g th  i n t e r v a l  (NBS d a t a )  ; Ip  i s  th e  th ro u g h  -  
p u t  s i g n a l  o f  t h e  m o n o c h ro m a to r /p h o to m u l t ip l ie r  s y s te m ;  and X l a  th e  
w a v e le n g th .  A p l o t  o f  th e  c o r r e c t i o n  f a c t o r  v e r s u s  w a v e le n g th  cu rv e  
so o b ta in e d  i s  shown I n  F ig u r e  2 .
CORRECTION CF EMISSION SPECTRA
The u n c o r r e c t e d  e m is s io n  s p e c t r a  e x h i b i t  t h e  r e s p o n s e  
p r o p e r t i e s  o f  t h e  w hole  d e t e c t i o n  sy s te m . The " t r u e "  e m is s io n  s p e c t r i n
I s  o b ta in e d  by m u l t i p l y i n g  th e  m easured  i n t e n s i t y  I  a t  a g iv e n  wave­
l e n g t h  by th e  c o r r e c t i o n  f a c t o r s  p e r t i n e n t  t o  t h a t  s p e c i f i c  wave­
l e n g t h .  The a p p r o p r i a t e  e q u a t i o n  I s
I  - c l  c o r r  em
and has  been  programmed on th e  Nova m in i-c o m p u te r .
F ig u r e  1 . B lock  d ia g ra m  f o r  a p p a r a tu s  f o r  th e  c a l i b r a t i o n  o f  
p h o t o m u l t i p l i e r  tu b e  and e m is s io n  m onoch rom ete r .
(A) S ta n d a rd  lamp.
(B) M ir r o r .
(C) C o l l im a t in g  l e n s .
CD) E m iss io n  m onochrom ator.
(E) P h o t o m u l t i p l i e r  tu b e .
(F) R e c o rd e r .

F ig u re  2* C o r r e c t i o n  f a c t o r  a s  a  f u n c t i o n  o f  w a v e le n g th  f o r  t h e  
e m is s io n  system*
CORRECTION FACTOR (C ,J
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CALIBRATION OF EXCITATION SYSTEM;
Introduction;
The e x c i t a t i o n  sy s tem  c o n s i s t s  o f  a l i g h t  s o u r c e ,  an  e m is s io n  
( o r  e x c i t a t i o n )  m onochrom ator,  and a l l  o t h e r  o p t i c s  w h ich  i n t r u d e  on 
t h e  e x c i t a t i o n  l i g h t  p r i o r  t o  i t s  a r r i v a l  a t  t h e  sam ple w h ich  i t  i s  
t o  e x c i t e .  The p h o to n  th r o u g h - p u t  o f  t h i s  sy s te m  i s  a f u n c t i o n  o f  
lamp o u tp u t  and m o n o c h ro m a to r /o p t ic s  t r a n s m i s s i v i t y .  As su c h ,  i t  i s  
an  unknown f u n c t i o n  o f  th e  w a v e le n g th  X. T h is  f u n c t i o n  i s  t o  be 
d e t e r m in e d .
M ethod:
The e x c i t a t i o n  monochrom ator and o t h e r  i n t r u s i v e  o p t i c s  may 
be c a l i b r a t e d  by making u se  o f  t h e  p r e v i o u s l y  c a l i b r a t e d  e m is s io n  
m o n o c h ro m a to r /p h o to m u l t ip l ie r  sy s te m . The a r ra n g e m e n t  o f  com ponents 
i s  shown i n  F ig u r e  3 . L ig h t  from th e  e x c i t a t i o n  m onochrom ator i s  
r e f l e c t e d  i n t o  th e  e m is s io n  m onochrom ator by means o f  a n e u t r a l  r e ­
f l e c t i n g  s u r f a c e .  Both m onochrom ators  a r e  s e t  on  th e  same w a v e le n g th .  
The i n t e n s i t y  d i s t r i b u t i o n  I  i s  r e c o r d e d  o v e r  t h e  w a v e le n g th  ra n g e  
o f  i n t e r e s t  ( i . e . ,  250-500m n). The c o r r e c t i o n  f a c t o r  a t  any  g iv e n  
w a v e le n g th  X i s  th e n  o b ta in e d  from  t h e  e x p r e s s i o n
c I  c = c em ex
w here c^  i s  t h e  c o r r e c t i o n  f a c t o r  f o r  e m is s io n  a t  t h e  g iv e n  w a v e le n g th ;  
I  i s  t h e  i n t e n s i t y  o f  t h e  l i g h t  s o u rc e  a t  th e  w a v e le n g th  o f  i n t e r e s t  
a s  m easured  a t  t h e  p h o t o m u l t i p l i e r ;  c gx i s  t h e  e x c i t a t i o n  c o r r e c t i o n  
f a c t o r  a t  th e  g iv e n  w a v e le n g th ;  and c an  a r b i t r a r y  number w h ich  i s  
ch o sen  t o  f a c i l i t a t e  t h e  p l o t t i n g  o f  th e  c o r r e c t i o n  c u r v e .  A p l o t  o f
9
F ig u r e  3 . Block d iag ram  f o r  a p p a r a tu s  f o r  th e  c a l i b r a t i o n  o f  lamp 
s o u rc e  and e x c i t a t i o n  m oncrom ato r.
(A) L a m p /e x c i t a t io n  monochrom ator
(B) M i r r o r .
(C) M ir r o r .
(D) C o l l im a t in g  l e n s .
(E) E m iss ion  m onochrom ator.
(F) P h o t o m u l t i p l i e r  tu b e .
(G) R e c o rd e r .
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t h e  c o r r e c t i o n  f a c t o r  c  v e r s u s  w a v e le n g th  a s  o b ta in e d  I s  shown 
I n  F ig u r e  4 .
CORRECTION OF EXCITATION SPECTRA
F o r  t h e  c o r r e c t i o n  o f  t h e  e x c i t a t i o n  s p e c t r i m  th e  r e l a t i o n ­
s h ip  1 a I q € $ m ust be c o n s id e r e d .  In  t h i s  e q u a t io n ,  t h e  v a r i o u s  
q u a n t i t i e s  a r e  d e f in e d  a s
I  = lu m in e sc e n c e  I n t e n s i t y  o f  th e  sam ple a t  t h e  w a v e le n g th  
o f  I n t e r e s t ;
I q = quantum I n t e n s i t y  o f  t h e  e x c i t i n g  l i g h t  a t  t h e  wave­
l e n g t h  o f  I n t e r e s t ;
— 1 — 1
e = m o la r  e x t i n c t i o n  c o e f f i c i e n t  ( l i t e r  mole cm ) 
o f  t h e  sam ple a t  t h e  w a v e le n g th  o f  I n t e r e s t ; and 
$ = lu m in e sc e n c e  y i e l d  o f  t h e  sam p le .
T h is  e q u a t i o n  I s  v a l i d  o n ly  a t  I n f i n i t e  d i l u t i o n .  Hence, I t  m ust be 
used  w i t h  c a r e .
The e x c i t i n g  l i g h t  I n t e n s i t y  w h ich  I s  I n c i d e n t  on th e  spec im en  
w i l l  v a r y  w i t h  t h e  w a v e le n g th  s e t t i n g  o f  t h e  e x c i t a t i o n  m onochrom ator . 
The q u a n t i t y  t i  I s  a fu n d am e n ta l  c h a r a c t e r i s t i c  o f  t h e  f l u o r e s c e n t  
s o l u t e  u n d e r  th e  p a r t i c u l a r  c o n d i t i o n s  o f  m easurem ent and t h e  c o r r e c t e d  
e x c i t a t i o n  s p e c t r u n  sh o u ld  c o n s i s t  o f  a  p l o t  o f  t i  a g a i n s t  t h e  wave­
l e n g t h  o f  t h e  e x c i t i n g  l i g h t .  S in c e  t h e  lu n ln e s c e n c e  e f f i c i e n c y  i  
I s  In d e p e n d e n t  o f  th e  w a v e le n g th  o f  t h e  e x c i t i n g  l i g h t  f o r  many 
s o l u t e s ,  t h e  " t r u e "  e x c i t a t i o n  s p e c t r i m  I n  such  a  c a s e  w i l l  be a  
r e p l i c a  o f  th e  a b s o r p t i o n  sp e c tru m  o f  t h e  s o l u t e .  To d e r i v e  t h e  " t r u e "  
e x c i t a t i o n  sp e c tru m  from  th e  r e c o rd e d  s p e c tru m f th e  v a r i a t i o n  o f  I
F ig u r e  4
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C o r r e c t io n  f a c t o r  a s  a f u n c t i o n  o f  w a v e le n g th  f o r  th e  
e x c i t a t i o n  system*
WAVE 
LENGTH 
fayd
CORRECTION FACTOR CCex)
o> CDo rs>INI
U»
O
*
m
O
14
w i t h  w a v e le n g th  must be c o r r e c t e d .  T h is  i s  done by m u l t i p l y i n g  I  by 
t h e  q u a n t i t y  cex  p r e v i o u s l y  d e f i n e d .
QUANTUM YIELD MEASUREMENTS
INTRODUCTION;
The im p o r ta n c e  o f  q u an t im  y i e l d s  o f  f l u o r e s c e n c e  and 
p h o s p h o re s c e n c e  t o  m o le c u la r  s p e c t r o s c o p y  does  n o t  need  j u s t i f i c a t i o n .  
I n d e e d ,  t h e  d e t e r m i n a t i o n  o f  i n t r i n s i c  r a d i a t i v e  f l u o r e s c e n c e  l i f e ­
t im e s  and t h e  m easurem ent o f  t h e  r a t e s  o f  r a d l a t l o n l e s s  t r a n s i t i o n s  
( i . e . ,  i n t e r n a l  c o n v e r s io n ,  i n t e r s y s t e m  c r o s s i n g ,  f l u o r e s c e n c e  
q u e n c h in g ,  e t c )  r e q u i r e  quautum y i e l d  m e asu re m en ts .  S in c e  t h e  i n t e r e s t  
o f  o u r  work l i e s  i n  th e  i d e n t i f i c a t i o n  o f  e m is s iv e  t r a n s i t i o n s  and i n  
t h e  d e t e r m i n a t i o n  o f  th e  r e l a t i v e  s i g n i f i c a n c e  o f  v a r i o u s  q u en ch in g  
p r o c e s s e s ,  quantum y i e l d  d a t a  a r e  n e c e s s a r y .
METHOD:
A s ta n d a r d  s u b s ta n c e  f o r  w hich t h e  a b s o l u t e  q u a n tu n  y i e l d  
i s  known u n d e r  s p e c i f i c  c o n d t lo n s  ( su c h  a s  t e m p e r a t u r e ,  s o l v e n t ,  
e x c i t a t i o n  w a v e le n g th ,  e t c . )  I s  r e q u i r e d .  N a p h th a len e  ($p = 0 .2 9 )  
was chosen  a s  su ch  a  s t a n d a r d .  A d e t a i l e d  d i s c u s s i o n  on t h e  c h o ic e  
o f  quantum y i e l d  s t a n d a r d s  i s  g iv e n  by  C rosby^ .  The r e a s o n s  f o r  t h i s  
c h o ic e  w e re :
— N a p h th a le n e  i s  a  h y d ro c a rb o n  an d ,  a s  a  r e s u l t ,  sh o u ld  
n o t  e x h i b i t  l a r g e  v a r i a t i o n s  o f  ^  ( o r  w i th  v a r i a t i o n  o f  t h e  s o lv e n t  
medium.
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— Quantum y i e l d  d a t a  f o r  t h i s  compound a r e  a v a i l a b l e  i n  a
r  eft
number o f  d i f f e r e n t  s o u r c e s  • As a  r e s u l t ,  t h e  r e l i a b i l i t y  o f  
t h e  a b s o l u t e  v a l u e s  can  be  c h e c k e d .
To e n s u r e  t h a t  t h e  same amount o f  l i g h t  i s  a b s o rb e d  by th e  
sam ple and t h e  s t a n d a r d ,  th e  c o n c e n t r a t i o n s  o f  t h e  two s o l u t i o n s  a r e  
a d j u s t e d  so  t h a t  th e  o p t i c a l  d e n s i t y  o f  e a c h  s o l u t i o n  i s  t h e  same 
a t  room t e m p e r a tu r e  a t  a s p e c i f i c  e x c i t a t i o n  w a v e le n g th  (265n»n).
To m a in t a i n  t h e  g eo m etry  f a c t o r s  c o n s t a n t  f o r  e v e r y  e m is s io n  
m easu rem en t ,  a sam ple tu b e  h o ld e r  was d e s ig n e d  and i s  i l l u s t r a t e d  i n  
F ig u r e  5. T h is  h o ld e r  was k i n e m a t i c a l l y  i n s e r t a b l e  i n t o  a  r i g i d  
mount w h ich  was b o l t e d  i n  a  f i x e d  l o c a t i o n  r e l a t i v e  t o  th e  r e s t  o f  
t h e  e m i s s i o n / e x c i t a t i o n  s y s te m .
The e m is s io n  s p e c t r a  f o r  e a c h  sam ple w ere  r e p e a t e d  s e v e r a l  
t im e s  to  e n s u r e  r e p r o d u c i b i l i t y  and w ere th e n  c o r r e c t e d  f o r  in s t ru m e n t  
r e s p o n s e .  The a r e a  u n d e r  ea c h  sp e c tru m  was th e n  m easured  by e i t h e r  
p l a n i m e t r y  o r  by c u t -a n d -w e lg h  m e th o d s .  F i n a l l y ,  t h e  a b s o l u t e  
quantum y i e l d  was o b ta in e d  a s
$t e s t  = ^ s t a n d a rd  (A rca o f  T e8 t o f  Sample)
F ig u r e  5 .  Sample h o ld e r  f o r  quantum y i e l d  m e asu re m en ts .
(1 )  Top p i e c e  ( n y l o n ) .
(2 )  Top p i e c e  ( t e f l o n ) .
(3 )  M e t a l l i c  ro d  sy s te m .
(4 )  M e t a l l i c  r i n g .
(5 )  Grooved m e t a l l i c  b lo c k .
(A) A i r  h o l e .
(B) Sample tu b e  h o l e .
(C) Screw h o l e .
(D) O - r in g  g roove
r r*b 5
o
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CHAPTER I I .
ELECTRONIC SPECTROSCOPY OF HIGHLY-POLAR AROMATICS. 
LUMINESCENCE OF THE CYANOANISOLES
INTRODUCTION
The e l e c t r o n i c  s p e c t r o s c o p y  o f  h i g h l y - p o l a r  a ro m a t ic  m ole­
c u l e s  o f  ty p e  D-Ar-A (where D i s  an  e l e c t r o n - d o n o r  s u b s t i t u e n t ,  Ar 
i s  an  u n s a t u r a t e d  r i n g  system  and A i s  an  e l e c t r o n - a c c e p t o r  s u b s t i ­
t u e n t )  h as  been  much d i s c u s s e d .^  Most c o n s i d e r a t i o n s ,  how ever, have
view ed D-Ar-A m o le c u le s  from th e  s t a n d p o i n t  o f  s u b s t i t u e n t  e f f e c t s  on
2 3
th e  p a r e n t  a r o m a t i c ,  ’ have been  e n g ro s s e d  w i th  th e  deve lopm ent o f
4 -9c h a rg e  t r a n s f e r  i n t e r a c t i v e  c o n c e p t s ,  o r  have been  conce rned  w i th  
th e  u n d e r s t a n d in g  of e l e c t r o c h r o m ic  e f f e c t s  on th e  s p e c t r a  o f  h ig h l y -  
p o l a r  m o l e c u l e s . ^  D e s p i te  such  e f f o r t s ,  ou r  u n d e r s ta n d in g  o f  th e  
e x c i t e d  s t a t e  e l e c t r o n i c  p r o p e r t i e s  of th e s e  m o le c u le s  rem a in s  f a i r l y  
p r i m i t i v e .
In  th e  n i t r o a n i l i n e s ,  w hich c o n s t i t u t e  one o f  th e  more 
p o l a r  s u b s e t s  o f  D-cp-A m o le c u le s  ( cp b e in g  a benzene  r i n g ) ,  t h e r e  i s  
c o n s id e r a b l e  c o n t r o v e r s y  no t o n ly  w ith  r e s p e c t  t o  e l e c t r o n i c  t r a n ­
s i t i o n  ty p e s  bu t even  w i th  r e s p e c t  t o  th e  number o f  i t *  «- t t  t r a n s i t i o n s  
w hich a r e  encom passed by th e  lo w e s t - e n e r g y  a b s o r p t i o n  b a n d .^ * ^ ’ ^ ’ ^
I t  i s  our c o n t e n t i o n  t h a t  some o f  t h e  d i f f i c u l t i e s  a s s o c i a t e d  
w i th  th e  e l e c t r o n i c  s p e c t ro s c o p y  o f  t h e  more p o l a r  su b ­
s e t s  ( i . e . ,  o - , m- and £-D-cp-A) may be r e s o lv e d  on th e  b a s i s  o f  
s t u d i e s  of w e a k ly - p o la r  s u b s e t s  such  a j  th e  c y a n o to lu e n e s  o r  m o d e ra te ly -  
p o l a r  s u b s e t s  such as  th e  c y a n o a n i s o le s .  Hence, t h i s  c h a p t e r  l a  con­
c e rn e d  w i th  th e  e l e c t r o n i c  a b s o r p t i o n  and e m is s io n  s p e c t r o s c o p y  o f  
th e  c y a n o a n i s o l e s .
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EXPERIMENTAL
The m- and £ - c y a n o a n i s o le s  (Eastm an) were r e c r y s t a l l i z e d  
from e t h a n o l .  N ap h th a len e  (zone r e f i n e d ,  A ld r i c h )  was used a s  
r e c e i v e d .  E th a n o l  was r e f lu x e d  o v e r  c a lc iu m  o x id e  and d i s t i l l e d  from 
magnesium t u r n i n g s .  M eth y lcy c lo h e x an e  was washed w i th  c o n c e n t r a te d  
s u l f u r i c  a c id  and w a te r  and d i s t i l l e d .
A b s o rp t io n  m easurem ents  w ere r e c o rd e d  on a Cary 14 S p e c t r o ­
p h o to m e te r .  Lum inescence m easurem ents  were r e c o rd e d  on a J a r r e l - A s h  
Mark V ^-M s c a n n in g  m onochrom ator, used i n  c o n j u n c t io n  w i th  a PAR 
p h a s e - s e n s i t i v e  d e t e c t i o n  system  and a 500W Xenon a r c  e x c i t a t i o n  
s o u rc e .  P h o sp h o re sc en ce  d ecay  m easurem ents  were made w i th  a 500W 
Xenon a r c  e x c i t a t i o n  s o u rc e  and an EAI V a r i p l o t t e r  (Model 1110). 
F lu o re s c e n c e  d e c a y s  were m easured u s in g  a TRW package  (M odel 75A 
d ecay  tim e f l u o r o m e te r ,  Model 31B nanosecond s p e c t r a l  s o u r c e ,  Model 
32A decay  tim e com pu te r ,  and a T e k t ro n ix  556 d u a l  beam o s c i l l o s c o p e ) .
Quantum y i e l d s  were m easured i n  ETOH a t  77°K w i th  n a p th a -  
le n e  (§^  = 0 .2 9 )  a s  th e  s t a n d a r d * ^ .  The c o n c e n t r a t i o n  o f  e a c h  sample 
s o l u t i o n  was a d j u s t e d  so t h a t  t h e  o p t i c a l  d e n s i t y  a t  265mp, a t  room 
t e m p e ra tu r e  was th e  same a s  t h a t  o f  t h e  s t a n d a r d .  Lum inescence 
e m is s io n  s p e c t r a  were c o r r e c t e d ;  lu m in escen c e  e x c i t a t i o n  s p e c t r a  were 
n o t .  A l l  lu m in e s c in g  sam ples were o p t i c a l l y  homogeneous and were 
th o ro u g h ly  d e g a s se d  by r e p e a te d  f r e e z e - e v a c u a t e - th a w  c y c l e s .
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The quantum y i e l d  s ta n d a r d  was a s o l u t i o n  o f  n a p h th a le n e  in
an  e t h a n o l  g l a s s .  I t  was assumed t h a t  $_ f o r  n a p h th a le n e  was in d e -F
p en d en t  o f  c o n c e n t r a t i o n  i n  t h i s  g l a s s y  sy stem . A v a r i e t y  o f  v a l u e s
f o r  o f  n a p h th a le n e  a r e  a v a i l a b l e ;  t h e s e  a r e  g iv e n  i n  T ab le  I .  I t
i s  c l e a r  t h a t  th e  c o r r e c t  c h o ic e  o f  i  f o r  th e  s t a n d a r d  i s  n o t  anF
12e a s y  m a t t e r .  We p r e f e r  t h e  Erm olaev v a lu e  f o r  t h e  f o l lo w in g  
r e a s o n s :
  The more r e c e n t  m easu rem en ts ,  th o s e  o f  Berlm an ( 0 .2 3 )  and
P a rk e r  ( 0 . 2 1 ) ,  r e f e r  t o  room te m p e r a tu r e .  A llow ing  f o r  a 20-307. 
i n c r e a s e  o f  quantum y i e l d  a t  77°K, an i n c r e a s e  r e l a t e d  t o  th e  d i ­
m in u t io n  o f  d i f f u s i o n  q u e n c h in g ,  th e  e x p e c te d  v a l u e  a t  77°K i s  
0 . 2 5 - 0 . 3 0 .
—  Those v a l u e s  of $ w hich  ap p ea red  i n  th e  1 9 5 0 's  e x h i b i tt
v a r i a t i o n s  o ver  a ra n g e  0 . 4 6 - 0 . 1 0 .  A p ar t  from  s l i g h t  v a r i a t i o n s  
a s s o c i a b l e  w i th  th e  u se  o f  d i f f e r e n t  t e m p e r a tu r e s  (p e rh a p s  20-30%) 
i t  i s  n o t  p o s s i b l e  to  r a t i o n a l i z e  a 300% r a n g e .  Thus, we te n d  to  
be d i s t r u s t f u l  o f  them a l l .
—  The quantum y i e l d s  $ o f  the  c y a n o a n is o le s  may be o b ta in e d
from the observed fluorescence lifetime, tw, and the o b se rv e d  oscil-
l a t o r  s t r e n g t h  o f  t h e  «- *A a b s o r p t i o n  p r o c e s s .  These v a l u e s  o f
§p a r e  g iv e n  i n  column 4 o f  T ab le  I I .  The quantum y i e l d s  may a l s o
be o b ta in e d  r e l a t i v e  to  q uo ted  s t a n d a r d s ;  t h e s e  v a l u e s  o f  $ f o rF
th e  c y a n o a n i s o l e s ,  r e l a t i v e  t o  v a l u e s  o f  0 .2 9 ,  0 .4 6  and 0 .1 6  f o r  1 ,̂ 
o f  n a p h th a le n e ,  a r e  g iv e n  i n  columns 5, 6 and 7 ,  r e s p e c t i v e l y .  Com­
p a r i s o n  o f  column 4 w i th  columns 5, 6 and 7 e l i m i n a t e s  = 0 .4 6  a s  
a p o s s i b i l i t y .
TABLE I .
QUANTUM YIELDS OF NAPHTHALENE FLUORESCENCE
A u th o r ( s ) S o lv e n t T(°K) Year
McClure?
McClure
Erm olaev
P a rk e r
P a r k e r e f
Berlman
Weber®
EPA 77 0 .3 2 1952
EPA 77 0 .4 6 1955
E th a n o l  + E th e r 77 0 .2 9 1962
EPA 77 0 .3 9 1962
E th a n o l 294 0 . 2 1 1966
C yclohexane ~300 0 .2 3 1965
E th a n o l ~300 0 . 1 2 1956
Hexane ~300 0 . 1 0 1956
a E. H. G ilm o re ,  G. E. G ibson  and D. S. McClure,
J .  Chem. P h v s . . 20, 829 (1952 ) .
bE. H. G ilm o re ,  G. E. G ibson  and D. S. McClure,
J .  Chem. P hvs . . 23, 399 (1955 ) .
CV. L. E rm olaev , O p t.  S p e k t ro a k . .  13. 4 9 (1 9 6 2 ) .
^C. A. P a rk e r  and C. A. H a tc h a rd ,  A n a ly s t . 8 7 . 6 7 2 (1 9 6 2 ) .
e C. A. P a rk e r  and T. A. Jo y c e ,  T ra n s .  F a ra d a v  Soc. . 6 2 . 
2 7 8 5 (1 9 6 6 ) .
f I .  B. Berlm an, HANDBOOK OF FLUORESCENCE SPECTRA OF 
AROMATIC COMPOUNDS, Academic P re s s  New York. N .Y . ,
1965.
gG. Weber and F. W. T e a le ,  T ra n s .  F a ra d a y  Soc . 53. 
6 4 6 (1 9 5 6 ) .
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TABLE II.
QUANTUM YIELDS OF THE FLUORESCENCE OF THE CYANQANISOLES 
AS OBTAINED FROM ABSORPTION OSCILLATOR STRENGTH AND 
FLUORESCENCE DECAY RATE DATA COMPARED WITH THOSE 
MEASURED RELATIVE TO A NAPHTHALENE STANDARD
Compound TF (n s )
(Em.)
T °(ns)
(A b.) F v
( R e l a t i v e )
8 b Erm olaev  McClure Weber
o -C y a n o a n iso le 5-2 24 0 . 2 1 - 0 .0 8 0 .2 6  0 .4 1  0 .1 4
m -C yanoan iso le 5 -2 34 0 . 1 5 - 0 .0 6 0 .2 1  0 .3 3  0 .1 2
£ -C y a n o a n i s o le 7-2 46 0 .1 6 - 0 .0 4 0 .2 2  0 .3 5  0 .1 2
3
E rm o la e v 's  v a lu e  o f  $ = 0 .2 9  a s  s t a n d a r d .
bM c C lu re 's  v a lu e  o f  $ = 0 .4 6  as  s t a n d a r d .f
S / e b e r ' s  v a lu e  o f  = 0 .1 6  a s  s t a n d a r d .  Note t h a t  0 .1 6  = 133Z o f  0 .1 2  
and t h a t  I t  I n c lu d e s  a c o r r e c t i o n  f o r  quantum y i e l d  enhancem ent a t  low 
te m p e r a t u r e s .
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—  I n  t h e  c a se  o f  th e  c y a n o a n i l i n e s ,  th e  t_  v a l u e  f o r  th e  m-F *"
is o m e r  w i l l  be l a r g e r  th a n  u n i t y  ( 1 .4 )  i f  th e  McClure v a l u e  o f  0 .4 6  
i s  ch o sen .
These d e l i b e r a t i o n s  l e a d  us  t o  c o n c lu d e  t h a t  th e  Erm olaev 
v a lu e  i s  p ro b a b ly  th e  most r e l i a b l e .  They do n o t ,  how ever,  e s t a b l i s h  
t h i s  p a r t i c u l a r  v a l u e .
S o l u t i o n s  o f  t h e  s ta n d a rd  and t e s t  m a t e r i a l s  o f  e q u a l  a b ­
s o r p t i v i t y  a t  265mp, w ere p re p a re d  a t  293°K. I t  was assumed t h a t  
f r e e z i n g  to  77°K d id  no t a l t e r  th e  r e l a t i v e  a b s o r p t i v i t y  o f  th e  two 
s o l u t i o n s .  T h is  i s  a d an g e ro u s  a s su m p tio n  b e c a u se  i t  i s  known t h a t  
a g g r e g a t io n  does  o c c u r  i n  p o l a r  sy s tem s  a t  77°K and does  le a d  to
a b s o r p t i v i t y  c h an g e s .  These  e f f e c t s  i n  t h e  c y a n o a n l s o le s  a r e  m in i -
-4mized by w o rk in g  a t  c o n c e n t r a t i o n s  ~10 M and a l l  m easu rem en ts  o f  
quantum y i e l d  r e p o r t e d  h e re  r e f e r  to  such d i l u t e d  sy s te m s .
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RESULTS AND DISCUSSION
A b s o r p t i o n :
The a b s o r p t i o n  s p e c t r a  o f  <?-, m- and £ - c y a n o a n i s o l e  a r e  
shown i n  F ig u r e  1. Those o f  th e  o- and m - d e r i v a t i v e s  a r e  
s i m i l a r  and m ark ed ly  d i f f e r e n t  from t h a t  o f  th e  £ - compound. The 
lo w e s t - e n e r g y  band o f  th e  £ - d e r i v a t i v e  i s  com posi te  and c o n t a in s  a t  
l e a s t  two d i s t i n c t  e l e c t r o n i c  t r a n s i t i o n s ;  the  lo w e s t - e n e r g y  o f  
t h e s e  i s  r e s p o n s i b l e  f o r  th e  s t r u c t u r e d  t a i l  i n  t h e  36,000cm  ̂
r e g i o n .
I t  i s  o u r  c o n t e n t io n  t h a t  th e  s t r u c t u r e d  t a i l - a b s o r p t i o n  
r e g io n  of £ - c y a n o a n i s o l e  i s  th e  a n a lo g  o f  th e  lo w e s t - e n e r g y  a b s o r p ­
t i o n  bands o f  the  o- and m - c y a n o a n is o le s .  D e t a i l s  on th e s e  t r a n s i ­
t i o n s  a r e  g iv e n  i n  T ab le  I I I ( A ) .  These lo w e s t - e n e r g y  «- Sq a b s o r p t i o n  
f e a t u r e s  r e p r e s e n t  e x c i t a t i o n  from ground t o  an  e x c i t e d  e l e c t r o n i c
s t a t e  w h ich , w h i le  i t  does  c o n t a in  i n t r a m o l e c u l a r  c h a rg e  t r a n s f e r
+ - + - +
c o n f i g u r a t i o n a l  com ponents o f  ty p e  E k p - A ,  D - t p - A ,  D - c p - A ,  e t c . ,
i s  d o m in a n t ly  o f  D -c p * -A  ty p e  where cp* i s  a ^ L ^ - r e l a t e d  e x c i t a t i o n
o f  th e  a r o m a t ic  m o ie ty .
I t  i s  a l s o  ou r  c o n t e n t i o n  t h a t  th e  40,000cm   ̂ maximum o f
£ - c y a n o a n i s o l e  i s  th e  a n a lo g  o f  th e  42,000cm * bands  o f  m-cyano-
a n i s o l e  and o - c y a n o a n i s o l e .  These l a t t e r  bands a r e  commonly r e f e r r e d
t o  a s  " i n t r a m o l e c u l a r  ch a rg e  t r a n s f e r  b an d s"  and c o r re s p o n d  to
t r a n s i t i o n s  from th e  ground s t a t e  t o  an  e x c i t e d  s t a t e  w hich i s  an
+  -> +  -
e x t e n s i v e  mix o f  e x c i t e d  e l e c t r o n i c  c o n f i g u r a t i o n s  D - c p - A ,  D - c p - A ,
26
F ig u r e  1 . A b s o rp t io n  s p e c t r a  o f  o - ,  m- and j>- c y a n o a n i s o le s  i n  
m e th y lc y c lo h e x a n e  a t  room te m p e r a t u r e .
\ ( A )  —
2200 240 0 2600 2800 3 0 00
CN
OCH
CN
OCH
• O
X
w
CN
OCH
V (cm1 X i d 3 )
TABLE I I I .
• ABSORPTION AND EMISSION DATA*
(A) 1Lfe -  *A TRANSITIONS.
MOLECULE
A bsorption 
0 ,0  Energy (cm *)
Emission 
0 ,0  Energy (cm 1)
Absorption 
e (f )  e (f)
MCH Ethanol MCH Ethanol MCH Ethanol
£-C yanoanlsole 33560 33900(m) 33200 32260 3800(0.047) 4100(0.054)(m)
m -Cyanoanisole 33700 33600 33C00 • 32600 2680(0.031) 2600(0.034)
£-C yanoaniso le 35200 35340 ~35000
33900(m)
35200 1030(0.013) (m) 2000(0.324)
(B) XL -  XA TRANSITIONS, a
MOLECULE
Absorption
C.O Energy (cm S c m
MCH . Ethanol MCH J E thinol
o-C yanoanisole
m-Cyanoanisole
£-C yanoaniso le
42200 
42020 
40800(m)
42020 
43480(m) 
40150(m)
1
6500(0.16) 
4820(0.18) 
16700(0.24)(m)
i
7220(0.16) 
7220(0 .16 )(m) 
19400(0. 31) (ra)
i
"A bsorption measurements were made a t  25 C; em ission s tu d ie s  were mode a t  77°K. The experim ental 
e r ro r  i s  -50cm . E nergies marked by "(m)" r e f e r  to  band maxima because of i n a b i l i t y  to  reso lve
the  o r ig in  bands in  these  in s ta n c e s . The symbol "c" r e f e r s  to  the e x tin c tio n  c o e ff ic ie n t  and the 
symbol " f"  to  o s c i l l a to r  s tre n g th .
D-cp- A~, e t c . ,  and D-<p*-A w here cp* i s  an  e x c i t e d  - r e l a t e d  e x c i t a t i o n  
o f  t h e  a r o m a t ic  m o i e t y . ^ * D e t a i l s  on th e s e  t r a n s i t i o n s  a r e  g iv e n  
i n  T a b le  I I I ( B ) .
G iven th e s e  a s s e r t i o n s ,  i t  f o l lo w s  t h a t  th e  d i f f e r e n c e  
be tw een  th e  a b s o r p t i o n  s p e c t r a  o f  th e  o- and m -c y a n o a n is o le s  on th e  
one hand and t h a t  o f  £ - c y a n o a n l s o l e  on th e  o t h e r ,  i s  an  e n e rg y  d e c r e ­
ment and i n t e n s i t y  in c re m e n t  o f  th e  ^ l ^ - r e l a t e d  e x c i t a t i o n  and an  
e n e r g y  in c re m e n t  and i n t e n s i t y  dec rem en t o f  th e  ^ L ^ - r e l a t e d  
e x c i t a t i o n .  The e f f e c t s  o f  an  I n c r e a s e  o f  r e l a t i v e  d o n o r / a c c e p t o r  
c h a r a c t e r  o f  th e  D/A s u b s t i t u e n t  p a i r  on th e  a b s o r p t i o n  s p e c tru m  of 
^ - d e r i v a t i v e s  i s  a d e c r e a s e  o f  e n e rg y  o f  th e  ^La ~ r e l a t e d  e x c i t a t i o n  
s o  t h a t  i n  h i g h l y  p o l a r  D-cp-A compounds, such  a s  £ - n l t r o a n i l l n e ,  
i t  c o m p le te ly  o c c lu d e s  t h e  e x c i t a t i o n .  A s i m i l a r  e f f e c t  may 
be p roduced  by i n c r e a s i n g  th e  p o l a r i t y  o f  t h e  s o l v e n t  medium; th u s ,  
£ - c y a n o a n i l i n e  e x h i b i t s  b o th  a b s o r p t i o n  f e a t u r e s  ( i . e . ,  Î*a " an ^ 
^ L ^ - r e l a t e d  e x c i t a t i o n s )  i n  n o n - p o la r  m e th y lc y c lo h e x a n e  s o l u t i o n s  
w h ereas  i n  p o l a r  e t h a n o l  t h e  e n e rg y  o f  t h e  - r e l a t e d  f e a t u r e  d e -  
c r e a s e s  t o  an  e x t e n t  w hich  c o m p le te ly  o b s c u re s  t h e  ^ L ^ - r e l a t e d  
f e a t u r e .
F l u o r e s c e n c e :
The c y s n o a n i s o l e s  e x h i b i t  a s t r u c t u r e d  f lu o r e s c e n c e  in  
s t a n d a r d  o r g a n ic  g l a s s e s  a t  77°K. These f l u o r e s c e n c e s  a r e  shown i n  
F ig u r e s  2 , 3 and 4 where th e y  a r e  compared w i th  a b s o r p t i o n  and f l u o r e s ­
cence  e x c i t a t i o n  s p e c t r a  i n  t h e  «- r e g io n .
The f l u o r e s c e n c e  and a b s o r p t i o n  s p e c t r a  o f  o - c y a n o a n i s o le  
( s e e  F ig u r e  2 )  a r e  e f f e c t i v e  m i r r o r  im ages and t h e i r  o r i g i n  bands a re  
c o i n c i d e n t .  S im i l a r  comments a p p ly  t o  th e  s p e c t r a  o f  m -c y a n o a n is o le
30
F ig u r e  2 . F lu o r e s c e n c e ,  a b s o r p t i o n  and f l u o r e s c e n c e - e x c i t a t l o n
s p e c t r a  f o r  o - c y a n o a n l s o le  i n  a m e th y lc y c lo h e x a n e  g l a s s  
a t  77°K. The f l u o r e s c e n c e  s p e c tru m  i s  c o r r e c t e d ;  th e  
f l u o r e s c e n c e - e x c l t a t i o n  s p e c tru m  i s  n o t .  Arrows r e f e r  
th e  i n d i v i d u a l  s p e c t r a  t o  t h e  a p p r o p r i a t e  s c a l e s .  A 
m e th y lc y c lo h e x a n e  g l a s s  i s  u sed  i n  t h e  c a s e  o f  o - d e r i v a t l v e  
b e c a u se  t h e  a b s o r p t i o n  sp e c tru m  i n  e t h a n o l  g l a s s  i s  n o t  
s u f f i c i e n t l y  r e s o lv e d  f o r  v i b r a t i o n a l  a n a l y s i s .
F L U O R E S C E N C E
A B S O R P T I O N
F L U O R E S C E N C E
E X C I T A T I O N
ro
•O
Vi/
u>
32
F ig u r e  3* F lu o r e s c e n c e ,  a b s o r p t i o n  and f l u o r e s c e n c e - e x c i t a t i o n
s p e c t r a  f o r  m -c y a n o a n is o le  i n  a m e th y lc y lo h e x a n e  g l a s s  
a t  7T° K. The f l u o r e s c e n c e  s p e c tru m  i s  c o r r e c t e d ;  th e  
f l u o r e s c e n c e - e x c i t a t i o n  s p e c tru m  i s  n o t .  Arrows r e f e r  
th e  i n d i v i d u a l  s p e c t r a  to  th e  a p p r o p r i a t e  s c a l e s .  A 
m e th y lc y c lo h e x a n e  g l a s s  i s  u sed  i n  th e  c a s e  o f  m - d e r i v a t i v e  
b e c a u se  th e  a b s o r p t i o n  s p e c tru m  i n  e t h a n o l  g l a s s  i s  no t  
s u f f i c i e n t l y  r e s o lv e d  f o r  v i b r a t i o n a l  a n a l y s i s .
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F ig u re  U. F lu o r e s c e n c e ,  a b s o r p t i o n  and f l u o r e s c e n c e - e x c i t a t i o n
s p e c t r a  f o r  £ - c y a n o a n i s o le  i n  an  e t h a n o l  g l a s s  a t  7 7 °K. 
The f l u o r e s c e n c e  sp e c tru m  i s  c o r r e c t e d ;  th e  f l u o r e s c e n c e -  
e x c i t a t i o n  sp e c tru m  i s  n o t .  Arrows r e f e r  th e  i n d i v i d u a l  
s p e c t r a  to  t h e  a p p r o p r i a t e  s c a l e s .
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shown i n  F ig u r e  3. These  o b s e r v a t i o n s ,  co u p led  w i t h  th e  v i b r o n i c  
a n a l y s i s  o f  T ab le  IV, i n d i c a t e  t h a t  th e  l o w e s t - e n e r g y  a b s o r p t i o n  
band o f  o -  and m -c y a n o a n is o le  c o n s i s t s  o f  one s i n g l e  ♦- Sq a b ­
s o r p t i v e  e v e n t .  As f u r t h e r  c o n f i r m a t i o n  o f  t h i s ,  we n o te  t h a t  th e  i n ­
t r i n s i c  r a d i a t i v e  l i f e t i m e s  o f  th e  -• Sq f l u o r e s c e n c e ,  a s  o b ta in e d  from  
e m is s io n  d a t a ,  a r e  19 and 23ns f o r  o - c y a n o a n i s o le  and m -c y a n o a n ls o le ,
r e s p e c t i v e l y ;  t h e s e  same l i f e t i m e s ,  a s  o b ta in e d  from  a b s o r p t i o n  d a t a
13v i a  th e  S t r i c k l e r - B e r g  fo rm a l is m ,  a r e  24 and 34ns , r e s p e c t i v e l y .
S in c e  th e s e  numbers a r e  i n  good a g re e m e n t ,  ou r  c o n c lu s io n s  a r e  w e l l  
fo u n d ed .
The s i t u a t i o n  i n  £ - c y a n o a n i s o l e  i s  shown I n  F ig u r e  4 and 
i s  q u i t e  d i f f e r e n t .  The m i r ro r - im a g e  r e l a t i o n s h i p ,  th e  coup led  
v i b r o n i c  i n t e r v a l s ,  and th e  c o in c id e n c e  o f  o r i g i n  bands a l l  s u g g e s t  
t h a t  th e  f lu o r e s c e n c e  i s  t h e  I n v e r s e  o f  t h e  s t r u c t u r e d  r e g i o n  w hich  i s  
su p e rp o se d  on th e  lo w -e n e rg y  t a i l  o f  t h e  lo w e s t - e n e r g y  a b s o r p t i o n  f e a t u r e .
T h is  s u p p o s i t i o n  i s  s u b s t a n t i a t e d  by r a d i a t i v e  l i f e t i m e  c o n s i d e r a t i o n s :  
The -  Sq r a d i a t i v e  l i f e t i m e ,  a s  o b ta in e d  from e m is s io n  d a t a ,  i s  
3 2 n s ;  t h a t  c a l c u l a t e d ,  su p p o s in g  th e  -  Sq f lu o r e s c e n c e  t o  be  th e  
i n v e r s e  o f  th e  w hole l o w e s t - e n e r g y  a b s o r p t i o n  b an d ,  i s  ~ 2n a ,  w h ich  i s  
c l e a r l y  to o  low ; t h a t  c a l c u l a t e d  by s u p p o s in g  th e  S^ -* Sq f l u o r e s c e n c e  
t o  be th e  i n v e r s e  o f  th e  lo w -en e rg y  s t r u c t u r e d  t a i l  l i e s  i n  th e  r a n g e  
o f  4 6 n s ,  th e  in d e te r m in a c y  b e in g  due t o  th e  e x t r a p o l a t i o n s  
w hich  have  been  used t o  d e f i n e  th e  i n t r u s i o n  o f  t h e  s t r u c t u r e d  
r e g i o n  i n t o  th e  i n t e n s e  u n s t r u c t u r e d  band maximum r e g i o n .  Thus, we 
a r e  f o r c e d  t o  c o n c lu d e  t h a t  th e  lo w e s t - e n e r g y  a b s o r p t i o n  band of j>- 
c y a n o a n is o le  c o n s i s t s  o f  a t  l e a s t  two a b s o r p t i v e  * *- *T. e v e n t s .
TTTT 1
TABLE IV.
VIBRONIC ANALYSES
(A) o- cyanoanisole i n  methylcyclohexane
ABSORPTION (77°K) FLUORESCENCE (77°K) PHOSPHORESCENCE (77°K) INTERPRETATION8
V
(cm L)
Av 
(cm )
V
(cm L)
Av 
(cm 1)
V
(cm *)
Av 
(cm *)
33280 0 33200 0 25970 0 0 , 0
33730 450 32740 460 25510 460 V1
34070 790 32470 730 25250 720 v2
34250 970 32260 940 ----- ----- v3
34480 1200 32010 1190 24750 1220 v4
34900 1620 31690 1510 24390 1580 l v l  + l v 4
35400 2 1 2 0 31080 21 2 0 23750 2 2 2 0 l v 3 + l v 4
0 •  1 
The f r e q u e n c i e s  v a r e  i d e n t i f i e d  a s  f o l l o w s :  v. ^  450 -  460cm i s  a C-C s t r e t c h i n g  ( r i n g
- I  - ld e fo rm a t io n  mode; v = 720 -  790cm i s  a C-H o u t - o f - p l a n e  b en d in g  mode; v_ = 940 - 970cm
- 1i s  a C-H i n - p l a n e  b en d in g  mode; v, = 1190 — 1220cm i s  a C-C s t r e t c h i n g  mode; vc = 2120 -
-1  '
2220cm i s  a C^J s t r e t c h i n g  mode. The e x p e r im e n ta l  e r r o r  a s s o c i a t e d  w i th  w e l l - d e f i n e d  peaks
i s  -30cm
TABLE IV ( c o n t . )
VIBRONIC ANALYSES
(B) m-CYANQANISOLE IN METHYLCYCLOHEXANE
ABSORPTION (7 7 °K) FLUORESCENCE (77°K) PHOSPHORESCENCE (77°K) INTERPRETATION
V
(cm L)
Av 
(cm *)
awV
(cm 1)
/V
Av 
(cm 1)
AwV
(cm ),
Av 
(cm 1)
33260 0 33060 0 25190 0 0 , 0
33650 390 32560 500 24690 500 V1
----- — ----- ----- 24390 800 v2
34210 950 32010 1050 24100 1090 v3
34600 1340 31630 1430 ----- ----
V4
34960 1700 31370 1690 23530 1660 -
35340 2080 30940 21 2 0 22990 2 2 0 0
V5
bThe f r e q u e n c i e s  v a r e  i d e n t i f i e d  a s  f o l l o w s :  v. = 390 - 500cm"1 i s  a C-C s t r e t c h i n g  ( r i n g
- 1  -1 d e fo rm a t io n )  mode; v_ -  800cm i s  a C-H o u t - o f - p l a n e  b en d in g  mode; v_ = 950 - 1090cm" i s  a
- 1  1 C-H i n - p l a n e  b en d in g  mode; v^ = 1340 -  1430c* i s  a C-C s t r e t c h i n g  mode; v$ = 2080 -  2200cm"
i s  a C^N s t r e t c h i n g  mode. The e x p e r im e n ta l  e r r o r  a s s o c i a t e d  w i th  w e l l - d e f i n e d  peaks i s  -30cm~*.
TABLE IV ( c o n t . )  
VIBRONIC ANALYSES
(C) £ - CYANQANISOLE IN ETHANOL
ABSORPTION (77°K) FLUORESCENCE (77°K) PHOSPHORESCENCE (77°K) INTERPRETATION0
(cm X)
Av  
(cm 1)
V
(cm )
Av 
(cm )
/V
V
(cm l ) ,
Av 
(cm 1)
35340 0 35460 0 26300 0 0 , 0
35840 500 34840 620 ----- — V1
36150 810 34480 980 25400 900 v2
36500 1160 — ----- 25200 110 0 v3
36700 1360 34010 1450 24750 1550 v4
37180 1840 ---- ----- 24400 1900
1 V  1V4
37450
oHCM 33220 2240
c -1The f re q u e n c ie s  v. a re  id e n t i f i e d  as  fo llo w s : v_ = 5 0 0  -  620ca  i s  a C-C s t r e t c h i n g  ( r i n g
-1  -1  d efo rm a tio n ) mode; =810 - 980cm i s  a C-H o a t - o f - p l a n e  b en d in g  * o d e ;  v_ = 1100  -  1160ca
- 1i s  a C-H in -p la n e  bending mode; = 1360 - 1450c* i s  a C-C s t r e t c h i n g  a o d e ;  = 2110  - 
2240cm i s  a C=N s t r e tc h in g  mode. The ex p e rim en ta l e r r o r  a s s o c i a t e d  w i th  w e l l - d e f i n e d  peaks 
i s  -30cm
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The e x c i t a t i o n  s p e c t r a  o f  F ig u r e s  2 th ro u g h  4 f b e in g  u n c o r ­
r e c t e d ,  m e re ly  v a l i d a t e  t h e  l o c a t i o n  o f  0 , 0  o r i g i n s .
P h o s p h o re s c e n c e :
T o ta l  lu m in escen c e  s p e c t r a  a r e  shown i n  F ig u r e  5 and a r e
c o r r e c t e d  f o r  a l l  i n s t r u m e n t a l  p a r a m e te r s .  I t  seems c l e a r  t h a t  th e
e f f e c t s  o f  d i f f e r e n t  s u b s t i t u t i o n a l  s i t e s  on t h e  p h o sp h o re sc e n c e  e n e rg y
i s  much l e s s  s e v e re  th a n  i t s  e f f e c t s  on f lu o r e s c e n c e  e n e rg y .  The
c o n c l u s i o n  t h a t  n e c c e s s a r i l y  f o l lo w s  i s  t h a t  t h e  e n e r g i e s  o f  th e  t r i p l e t
+  - +  - +  - 
c o n f i g u r a t i o n s  a s s o c i a t e d  w i th  th e  D-Ar-A, D-Ar-A and D-Ar-A s t r u c t u r e s
a r e  c o n s id e r a b ly  h ig h e r  th a n  th e  e n e rg y  o f  th e  t r i p l e t  c o n f i g u r a t i o n  
★
D-Ar-A. Thus, t h e r e  i s  much l e s s  i n t r a m o l e c u l a r  c h a rg e  t r a n s f e r
c h a r a c t e r  admixed i n t o  th e  T^ s t a t e  th a n  t h a t  found i n  e i t h e r  th e
* 1 o r  S2 s t a t e s .  The n a t u r e  o f  th e  D-Ar-A t r i p l e t  ( i . e . ,  w h e th e r  Lfl
o r  r e l a t e d )  i s  d i f f i c u l t  to  s a y ;  how ever,  c o m p u ta t io n s  o f  a
quantum ch em ica l  n a t u r e  ( i . e . ,  CNDO/s) do s u g g e s t  a *L - r e l a t e dfl
a s s ig n m e n t .
The v i b r o n i c  a n a l y s e s  o f  th e  «- Sq , -• Sq and T^ -• Sq 
p r o c e s s e s  i n d i c a t e  a common o c c u r r e n c e  o f  th e  same v i b r o n i c  i n t e r ­
v a l s .  These a r e  d e t a i l e d  i n  T ab le  IV and a r e :  C-C s t r e t c h i n g
modes a t  450 and 1,200cm *; a C-H o u t - o f - p l a n e  b e n d in g  mode a t  
~800cm a C-H i n - p l a n e  b en d in g  mode a t  950cm and a C ^f s t r e t c h i n g  
mode a t  2 , 1 0 0 cm
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F ig u re  5- T o t a l  e m is s io n  s p e c t r a  o f  o_- ,m- and j>- c y a n o a n is o le s  i n  
e t h a n o l  g l a s s  a t  77°K* The s p e c t r a  a r e  c o r r e c t e d  f o r  a l l  
i n s t r u m e n t a l  p a r a m e te r s .
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L i f e t i m e s  and Quantum Y i e l d s :
A summary o f  th e  e x p e r im e n ta l  d a ta  I s  g iv e n  I n  T ab le  V.
14P re v io u s  o b s e r v a t i o n s  w hich  i n d i c a t e d  t h a t  t h e  r a t i o  $ / i  i s
P F
l a r g e r  f o r  th e  £ - i s o m e r  o f  D-cp-A compounds a r e  s u b s t a n t i a t e d  i n  th e
c y a n o a n i s o l e s .  I t  now a p p e a r s ,  how ever,  t h a t  t h e  i n c r e a s e  o f  t h i s
r a t i o  i s  l a r g e l y  due t o  an  i n c r e a s e  o f  and n o t  t o  a d e c r e a s e
o f  $ .
F
The d a t a  o f  T ab le  V may be a n a ly s e d  i n  te rm s  o f  th e  r a t e
c o n s t a n t s
S1 -  SQ+hvp; kp ( f l u o r e s c e n c e )
Tj -* Sg+hvp; k p  (p h o s p h o re s c e n c e )
S1 ~ ^ T1 ’ k ISC ( i n t e r 8y 8tem c r o s s i n g )
Sq ; kg ( i n t e r n a l  c o n v e r s io n )
T^ Sq ; ( i n t e r s y s t e m  c r o s s i n g )
The e q u a t i o n s  w hich  r e l a t e  t h e s e  r a t e  c o n s t a n t s  t o  th e  d a t a  o f
T a b le  V a r e ^
&p/$F = Ckp/kF)(*cISC/[kT+kp ])
Ip = k p / d . p * , * ^ )
S o l u t i o n  f o r  t h e s e  r a t e  c o n s t a n t s  im p l i e s  th e  e l i m i n a t i o n  o f  some 
one o f  them. The most u s u a l  a s s u m p tio n  i s * ^  to  s e t  k = 0 ,  t h e r e b y
D
m ax im iz ing  b o th  and k^,. T h is  a s s u m p tio n  h a s  been  d i s c u s s e d
17 18by Lim. '  The r a t e  c o n s t a n t s  e v a l u a te d  i n  t h i s  manner a r e  d i s ­
p la y e d  i n  T ab le  V I(A ). One may ta k e  th e  o p p o s i t e  p o s i t i o n  and assume 
k^, = 0 , a s u p p o s i t i o n  w hich  m axim izes kg and m in im izes  th e
r a t e  c o n s t a n t s  e v a l u a t e d  i n  t h i s  manner a r e  d i s p l a y e d  i n  T a b le  V I(B ).
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TABLE V.
LIFETIME ( t) AND QUANTUM YIELD ($ )  DATA
FOR CYANQANISOLES
COMPOUND a to CO $*P $F V * F
o -C y a n o a n is o le 5 * 2 1 .4 * 0 .2 0 . 1 1 0 .2 6 0 .4 2
m -C y a n o an iso le 5 ^ 2 1 . 8* 0 . 2 0 .0 9 4 0 . 2 1 0 .4 5
£ -C y a n o a n i s o le 7 * 2 1 . 6* 0 . 2 0 .2 4 0 . 2 2 1 . 0
d e t e r m in e d  i n  e t h a n o l  g l a s s  a t  77°K. The s u b s c r i p t s  P and F 
r e f e r  t o  p h o s p h o re s c e n c e  and f l u o r e s c e n c e ,  r e s p e c t i v e l y .
TABLE VI.
RATE CONSTANTS FOR EXCITED STATE 
DEPLETION®
(A) THE LIMIT k g = 0
COMPOUND °r \TF (n s ) Tp(s) T°(S) k j .C s '1) kp ( s ~ l ) kT(s l )
o -C y a n o a n iso le 19 1 .4 9 .3 5 .3x10  7 0 . 1 1 1.4x10® 0 .6 3
ra-C yanoan iso le 23 1 . 8 1 5 .0 4 . 3 x l0 7 0 .0 6 6 1.5x10® 0 .4 9
£ -C y a n o a n is o le 32 1 . 6 5 .6 3 . lx lO 7 0 .1 8 1 . 0x 1 0 ® 0 .41
(B) THE LIMIT = 0
d.
Tp n s ) t^Cs )
° ,  VTp ( s ) k y C s '1) kpC s"1) k ISC<s’ l ) k ^ C s '1)
o -C y a n o a n iso le 19 1 .4 1 .4 5 .3 x l0 7 0 .7 1 2 . 2x l 0 7 1.3x10®
m -C yanoan iso le 23 1 . 8 1 . 8 4 . 3 x l0 7 0 .5 6 1 . 9 x l0 7 1.4x10®
2 ,-Cyanoani s o le 32 1 . 6 1 . 6 3 . lx lO 7 0 .6 3 3 . lx lO 7 7 . 9 x l 0 7
a The q u a n t i t i e s  t°  and t°  a r e  d e f in e d  a s  t°  = ^/k^,; t°  = */k.
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In  c a s e  V I(A ), th e  l a r g e  $p/*p  r a t i o  a s s o c i a t e d  w i th  £  
c y a n o a n i s o le  must be a t t r i b u t e d  t o  th e  l a r g e  kp  and sm a l l  a s -  
s o c l a b l e  w i th  t h i s  compound. I n  c a se  V l(B ) ,  th e  same a t t r i b u t i o n  
must be v e s t e d  i n  t h e  l a r g e  v a lu e  o f  k TC_ a s s o c i a t e d  w i th  th e  p-ld v
is o m e r .  The v a l u e  o f  kp i s  s m a l l e s t  i n  b o th  c a s e s  f o r  th e  
£ - i s o m e r  and i s  in d e p e n d e n t  o f  th e  a s su m p tio n s  k_ = 0  o r  k_  = 0 .D 1
Any f u r t h e r  c o n c lu s io n s  r e q u i r e  th e  m easurem ent o f  an in d e p e n d e n t  
k i n e t i c  p a ra m e te r  such  a s  «ISC = k ISC/ ( k p  + ks + k ISC) •
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CONCLUSIONS
The r e s u l t s  o f  t h i s  work a r e :
(1 )  The p r im a ry  d i f f e r e n c e  i n  th e  lo w -e n e rg y  e l e c t r o n i c
a b s o r p t i o n  s p e c t r a  o f  th e  c y a n o a n is o le  is o m e rs  i s  t h a t  i n  th e  £ -
d e r i v a t i v e  t h e  ^ L ^ - r e l a t e d  band h a s  s h i f t e d  t o  h i g h e r - e n e r g y  and
h a s  d e - l n t e n s i f i e d  w hereas  th e  - r e l a t e d  band h a s  s h i f t e d  t o  lo w e r-a
e n e rg y  and has  i n t e n s i f i e d .  Hence, by e x t r a p o l a t i o n ,  we co n c lu d e  
t h a t  th e  lo w -e n e rg y  a b s o r p t i o n  f e a t u r e  o f  more p o l a r  D - <p - A 
m o le c u le s  c o n s i s t s  o f  su p e rp o sed  *La ~ and ^ L ^ - r e l a t e d  bands w hich 
a r e  more o r  l e s s  i s o - e n e r g e t i c .
( i i )  The f lu o r e s c e n c e  o f  a l l  t h r e e  c y a n o a n ia o le s  i s  
th e  i n v e r s e  o f  t h e  ^ L ^ - r e l a t e d  a b s o r p t i o n  f e a t u r e .
( i i i )  The $ _ /$  r a t i o  i s  l a r g e s t  i n  th e  £ - l s o m e r .  The
* F
r a t e  c o n s t a n t  v a r i a t i o n s  w hich  r a t i o n a l i z e  t h i s  o b s e r v a t i o n  a r e  
shown, f o r  two ex tre m e  c a s e s ,  i n  T a b le s  VI (A and B ) . Of th e s e  
two e x t re m e s ,  we p r e f e r  c a s e  V I(A ) .  The r e a s o n s  f o r  t h i s  p r e f e r e n c e  
a r e :  F i r s t .  k j SC i s  s m a l l e s t  i n  th e  £ - d e r i v a t i v e ,  p r e c i s e l y  where
th e  Sĵ  —  T^ e n e rg y  gap i s  l a r g e s t ; seco n d ,  kp i s  l a r g e s t  i n  th e  
£ - d e r i v a t i v e ,  p r e c i s e l y  where t h e  - T^ e n e rg y  gap i s  s m a l l e s t  
and w h ere ,  a s  a co n seq u en c e ,  t h e  T^ s t a t e  can  p o s s e s s  th e  most 
i n t r a m o l e c u l a r  c h a rg e  t r a n s f e r  c h a r a c t e r ;  t h i r d l y , th e  v a lu e  o f  
kp i s  l a r g e s t  i n  th e  o - d e r i v a t i v e  w hich i s  s u r e l y  t h e  most non- 
p l a n a r  o f  t h e  c y a n o a n i s o le s  and w here ,  a c c o r d in g ly ,  one e x p e c t s  th e  
g r e a t e s t  n o n - r a d i a t i v e  t r i p l e t  l o s s .  However, an  a b i l i t y  t o  r a t i o n ­
a l i z e  th e  t r e n d s  o f  T ab le  IV(A) does  no t  e l i m i n a t e  th e  s u f f i c i e n c y  
o f  c a se  VI(B) t o  i n t e r p r e t  th e  d a ta  a t  hand .
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CHAPTER I I I .
ELECTRONIC SPECTROSCOPY OF HIGHLY-POLAR ARCMATICS. 
LUMINESCENCE OF THE FLUOROBENZONITRILES
INTRODUCTION
The f lu o r o b e n z o n i . t r l i e s  c o n s t i t u t e  a w e a k ly - p o la r  s u b s e t  
o f  D-qj-A ty p e  w here D i s  a n  e l e c t r o n  d o n o r ,  A i s  a n  e l e c t r o n  
a c c e p t o r  and cp i s  a p h en y l r i n g .  I n  t h e  f l u o r o b e n z o n i t r i l e s , t h e  
cyano g roup  f u n c t i o n s  a s  a  m o d e ra te ly  s t r o n g  e l e c t r o n  a c c e p to r  
w hereas  th e  f l u o r i n e  c e n t e r  p r o b a b ly  f u n c t i o n s  a s  a  r a t h e r  weak 
e l e c t r o n  dono r  s u b s t i t u e n t ^ .  H ence, th e  f l u o r o b e n z o n l t r l l e s  may be viewed 
as  b en zen es  w hich  a r e  s l i g h t l y  p e r tu r b e d  by d i - s u b s t l t u t i o n  o r  th e y  may 
be c o n s id e r e d  t o  be i n i t i a l  members o f  th e  s e t  o f  h i g h l y - p o l a r  D-qj-A 
m o le c u le s  w here D i s  a s t r o n g  e l e c t r o n  a c c e p t o r .  I t  i s  t h e  l a t t e r  v iew  
w hich i s  o f  i n t e r e s t  h e r e :  The fo c u s  o f  t h e s e  e f f o r t s  i s  th e  a b s o r p ­
t i o n  and e m is s io n  p r o p e r t i e s  o f  h i g h l y - p o l a r  D-qrA s p e c i e s  ( e . g . ,  n i t r o -  
a n i l i n e s ) .  And, i n  t h i s  c o n n e c t io n ,  i t  seemed p e r t i n e n t  t o  i n v e s t i g a t e  
a w e a k ly - p o la r  D-qrA s u b s e t  i n  o r d e r  t o  d e te rm in e  w hat c h a r a c t e r i s t i c s ,  
i f  an y ,  o f  th e  h i g h l y - p o l a r  e n t i t l e s  p e r s i s t e d  i n  t h e  w e a k ly - p o l a r  s p e c i e s .  
The w e a k ly - p o la r  s u b s e t  w hich  was chosen  was ( o - ,  m-, £ - f l u o r o b e n z o n i t r i l e ) .
The lu m in escen c e  and a b s o r p t i o n  p r o p e r t i e s  o f  t h e  h i g h l y -
2  3p o la r  n i t r o a n i l i n e s  and m o d e ra te ly  p o l a r  c y a n o a n i s o le s  have been  d i s ­
c u s se d  p r e v i o u s l y .  A l l  e x p e r i m e n t a l  t e c h n iq u e s  u t i l i z e d  i n  th e  p r e s e n t  
work have been  d e s c r ib e d  p r e v i o u s l y ^ .
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RESULTS AND DISCUSSION
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ABSORPTION:
S o l u t i o n  p h ase  s p e c t r a  a r e  shown i n  F ig u r e  1 . A l l  s p e c t r a  e x ­
h i b i t  s i m i l a r  s t r u c t u r e .  The s p e c t r a  o f  th e  o,- and m - d e r i v a t i v e s  a r e  
q u i t e  s i m i l a r :  b o th  o f  t h e s e  d i f f e r  from  th e  s p e c tru m  o f  £ - b e n z o n i t r i l e  
i n  t h a t  th e  3 6 0 0 0 cm 1 band ( i . e . ,  t h e  1Lb «- ^A a b s o r p t i o n  e v e n t )  l i e s  a t  
s l i g h t l y  h ig h e r  e n e rg y  i n  th e  £ - d e r i v a t i v e  w hereas  th e  44000cm 1 band 
( i . e . ,  th e  «- *A a b s o r p t i o n  e v e n t )  l i e s  a t  s l i g h t l y  low er e n e rg y  i nfl
th e  £ - d e r i v a t i v e . The r e s u l t i n g  d e c r e a s e  o f  t h e  1Lfl -  1Lb band gap i s  
c h a r a c t e r i s t i c  f o r  a l l  £ - d e r i v a t i v e s  an d ,  i n  h i g h l y - p o l a r  D-cp-A s u b s e t s ,  
i s  so  s e v e re  t h a t  i t  may be z e ro  o r  ev en  n e g a t i v e .  The o s c i l l a t o r  s t r e n g t h  
o f  th e  ^Lb <- *A a b s o r p t i o n  e v e n t  i s  l e s s  i n  £ - f l u o r o b e n z o n i t r i l e - - a n  o b s e r v a ­
t i o n  w hich i s  c o n s i s t e n t  f o r  a l l  D-cp-A s u b s e t s .  The o s c i l l a t o r  s t r e n g t h  
o f  th e  <- ^A a b s o r p t i o n  e v e n t  i s  u s u a l l y  g r e a t e s t  i n  t h e  £ - d e r i v a t i v ed
o f  a l l  r e a s o n a b l y  p o l a r  D-cp-A s u b s e t s  j t h i s  i s  a l s o  th e  c a s e  f o r  th e  
f l u o r o b e n z o n i t r i l e s , b u t  i t  i s  much l e s s  o b v io u s  t h a n  i n  t h e  h i g h l y -  
p o l a r  D-cp-A s u b s e t s .
Vapor p h ase  s p e c t r a  a r e  shown i n  F ig u r e  2  and, a p a r t  from  th e  
p r e s e n c e  o f  c o n s i d e r a b l e  v i b r a t i o n a l  s t r u c t u r e , a r e  i d e n t i c a l  t o  t h o s e  i n  
t h e  s o l u t i o n  p h a s e .  A l l  a b s o r p t i o n  d a t a  a r e  c o l l e c t e d  i n  T a b le  1 .  The 
s o l v a t i o n  e n e r g i e s  a r e  s m a l l ;  th e  e n e rg y  d e c r e a s e  caused  by s o l v a t i o n  
r a n g e s  from 60 -  350cm 1 f o r  th e  1Lfe «- ^  band and from 800 -  1200cm” 1 
f o r  th e  1Lfl band .  S in c e  th e  s p e c t r a  o f  t h e  h i g h l y - p o l a r  D-cp-A s u b s e t s
A  /  p
a r e  s u b j e c t  t o  r a t h e r  s t r o n g  s o lv e n t  s h i f t s ,  ’ ’ th e  s m a l l  s o lv e n t  
e f f e c t s  e x h i b i t e d  by th e  s p e c t r a  o f  th e  b e n z o n l t r l l e s  a r e  c o n s i s t e n t  
w i th  t h e i r  w e a k ly - p o la r  c h a r a c t e r .  A s i m i l a r  c o n s i s t e n c y  I s  v e s t e d  
In  t h e  r a t h e r  l a r g e  1Lg -  1Lb band gap o f  ~7000cm” 1.
F ig u re  1 .  A b s o rp t io n  s p e c t r a  o f  <>-, m- and £ - f l u o r o b e n z o n i t r i l e s  
e t h a n o l  a t  2 9 8 °K.
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r o
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F ig u re  2 . A b s o rp t io n  s p e c t r a  o f  o - ,  m- and £ - f l u o r o b e n z o n i t r i l e s  i n  
vap o r  phase  a t  2 9 8 °K.
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TABLE I
ABSORPTION AND EMISSION DATA**
(A) -  lA TRANSITIONS
MOLECULE
Absorption 
0 ,0  Energy (cm
Emission 
0 ,0  Energy (cm 1 )
Absorption
«(£)
Vapor Ethanol Ethanol Ethanol
B e n zo n itr ile 56500 562OO 55500 800 (0 .0 0 9 3 )
2 ,-F luo robenzon itrile 35900 35590 35000 1670 (0 .020 )
u-Fluorobanzoni t r 1 le 35900 35520 3U9OO 1700(0 .020 )
£ -F Iu o ro b en zo n itrile 36600 565^0 35750 310(0.005)
(B) *L •* *A T ra n s itio n s  a
MOLECULE
Absorption
0 ,0  Energy ( cm'^) e(f)
Vapor Ethanol Ethanol
B en zo n itr ile kZfkO *+3390 10160 (0 . 21 )
o-Fluorobenzoni t r i l e 44740 *+3570 8930 (0 .1 8 )
S -F luorobenzon itr1 le 44840 43670 9860(0.15)
£ -F lu o ro b e n z o n itrile 44100 43300 9000 (0 .1 9 )
3A b so rp tio n  m easurem ents w ere made a t  25 Cj e m is s io n  s tu d ie s  w ere made a t  77 
The e x p e r im e n ta l  e r r o r  i s  ^50c® • The sym bol ” 6" r e f e r s  t o  th e  e x t i n c t i o n  co
e f f i c i e n t  and th e  symbol " f "  t o  o s c i l l a t o r  s t r e n g t h .
FLUORESCENCE:
The f l u o r o b e n z o n i t r i l e 8 e x h i b i t  a s t r u c t u r e d  f lu o r e s c e n c e  
i n  g la s s y  m edia a t  77°K. T hese f lu o r e s c e n c e s  a r e  shown I n  F ig u r e s  3 ,
4 and 5 w here th e y  a r e  com pared w ith  th e  a b s o r p t io n  band o f  ^A
n a t u r e .  V ib r a t io n a l  a n a ly s e s  o f  th e  «- *A a b s o r p t io n  e v e n t and o f  
f lu o r e s c e n c e  and p h o sp h o re sc e n c e  e v e n ts  a r e  g iv e n  i n  T ab le  I I .  The 
r a d i a t i v e  f lu o r e s c e n c e  l i f e t i m e s  c a l c u la t e d  from  d eca y  r a t e  and 
quantum  y i e l d  d a ta  a r e  50 , 46 and 141ns f o r  th e  o - ,  m- and £ -  I so m e rs , 
r e s p e c t i v e l y .  The r a d i a t i v e  l i f e t i m e s  o b ta in e d  from  a b s o r p t io n  
o s c i l l a t o r  s t r e n g t h  d a t a ,  v i a  th e  S t r l c k l e r - B e r g  fo rm a lism ^ , a r e  56,
57 and 180ns, r e s p e c t i v e l y .  The c o n c lu s io n s  from  th e  m ir r o r  im ag ing  
o f  F ig u r e s  3 , 4 and 5, from  th e  v ib r o n lc  a n a ly s e s  o f  T ab le  I I ,  and 
from  th e  c o m p a ra tiv e  e m is s iv e  l i f e t i m e s  a r e  t h a t  th e  f lu o r e s c e n c e  i s
«- i n  n a tu re  and th a t  th e  lo w e s t- e n e rg y  a b s o r p t io n  band a t
-1 1 I36000cm c o n s i s t s  of a s in g le  e l e c t r o n i c  t r a n s i t i o n  o f  L. «- A
D
n a t u r e .  The d i s c r e p a n c ie s  i n  th e  r a d i a t i v e  l i f e t i m e s ,  a s  o b ta in e d  
from  d i f f e r e n t  d a ta  s o u rc e s ,  l i e  f u l l y  w i th in  th e  a c c u ra c y  o f 
m easurem ent and th e  u n c e r t a i n t i e s  im p u ted ^  to  th e  u se  o f  th e  S t r l c k l e r  
B erg e q u a t io n .
PHOSPHORESCENCE:
P h o sp h o re sc en ce  s p e c t r a  a r e  shown i n  F ig u re  6 and a r e  v lb r o  
n i c a l l y  a n a ly se d  in  T ab le  I I .  The p h o sp h o re sc e n c e  s p e c t r a  a r e  more 
s t r u c t u r e d  th a n  th e  f lu o r e s c e n c e  s p e c t r a .  In  te rm s  o f  iso m e r e n e r g ie s  
th e  T^ s t a t e  a p p e a rs  t o  be s im i l a r  to  th e  S^(^L^) s t a t e  and q u i t e  
d i f f e r e n t  from  th e  S„(^L  ) s t a t e .  I t  a p p e a rs  t h a t  th e  T. s t a t e  c o n t -
A 3  1
a i n s  a l e s s e r  a d m ix tu re  o f  c h a rg e  t r a n s f e r  com ponents th a n  th e  
s t a t e .
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F ig u re  3 F lu o re s c e n c e  (7 7 °K) and a b s o r p t io n  (298°K ) s p e c t r a  in  
e th a n o l  f o r  o . - f l u o r o b e n z o n i t r i l e .  The f lu o r e s c e n c e  sp e c tru m  
i s  c o r r e c te d  f o r  a l l  in s t r u m e n ta l  p a ra m e te rs*
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F ig u re  4 F lu o re s c e n c e  (TT°K) and a b s o r p t io n  (298°K ) s p e c t r a  i n  e th a n o l  
f o r  m - f l u o r o b e n z o n i t r i l e .  The f lu o re s c e n c e  sp e c tru m  i s  
c o r r e c te d  fo r  a l l  in s t r u m e n ta l  p a ra m e te r s .
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V (cm1 x IQ3)
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F ig u re  5 F lu o re s c e n c e  (7T°K) and a b s o r p t io n  (298°K ) s p e c t r a  i n ­
e th a n o l  f o r  £ - f l u o r o b e n z o n i t r i l e .  The f lu o r e s c e n c e  sp e c tru m  
i s  c o r r e c te d  fo r  a l l  in s t r u m e n ta l  p a r a m e te r s .
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TABLE II
VIBRONIC ANALYSES
(A) o-FLUOROBENZONITRILE IN ETHANOL
ABSORPTION (300°K) FLUORESCENCE (7 7 ° ) PHOSPHORESCENCE (7 7 °K)
INTERPRETATION3
Aw
V
(cm"1 )
A /
Av 
(cm 1 )
Aw
V
(cm 1 )
Aw
Av 
(cm 1 )
AW
V
(cm 1 )
AW
Av 
(cm 1 )
35590 0 3 5 0 0 0 0 2 6 8 5 0 0 0 , 0
36630 1040 34100 9 0 0 2 6 0 0 0 8 5 0
----- — ----- ----- 25400 1450
v2
3 7 6 0 0 2 0 1 0 3 2 8 0 0 22 0 0 24500 2350
V3
38460 2870 31850 3150 23750 3100
Yl +  ^
- — ----- ----- ----- 23250 3 6 0 0 v 2 +  V 3
*The f r e q u e n c ie s  v* a re  i d e n t i f i e d  as  fo llo w s^  v, “  8 5 0  -  1040cm i s  a C-H in - p la n e  b en d in g
-1  -1  modej vp ■ 1450cm i s  a C-C s t r e t c h i n g  mode; v* * 2010 -  2350cm i s  a s t r e t c h i n g  mode.
+  -1The experimental error associated with well-defined peaks la -30 •
TABLE II (cont.)
VIBRONIC ANALYSES
(B) m-FLUOROBENZONITRILE IN ETHANOL
ABSORPTION (300°K) FLUORESCENCE (77°K) PHOSPHORESCENCE (77°K)
>w
V
(cm- 1 )
Av
(cm "1)
V
(cm 1)
Av 
(cm l )
V
(cm )
Av 
(cm *)
INTERPRETATION1*
35520 0 35000 0 26600 0 0 , 0
36560 1040 34100 900 25450 1150
V1
------- ----- ----- ----- 25050 1550
V2
37590 2070 33000 2 0 0 0 24400 2 2 0 0
V3
38610 3090 32050 2950 24000 2600
V1 + V2
23470 3130 V . +  V -
• 1 3
The f r e q u e n c ie s  v. a r e  I d e n t i f i e d  a s  f o l lo w s :  v1 = 900 -  1150cm I s  a C-H in - p la n e  ben d in g
-1  -1  m ode; v_ = 1550cm I s  a C-C s t r e t c h i n g  mode; v_ *= 2000 -  2200cm I s  a CeN s t r e t c h i n g  mode.
The e x p e r im e n ta l  e r r o r  a s s o c ia te d  w i th  w e l l - d e f in e d  p eak s  i s  -30cm  .
o
Ul
TABLE I I  ( c o n t . )
VIBRONIC ANALYSES
(C) £-FLU0R03ENZ0NITRILE IN ETHANOL
ABSORPTION (300°K) FLUORESCENCE (77°K) PHOSPHORESCENCE (77°K)
V
(cm 1)
Av
(cm"1)
V
/ " I n ( cm )
Av 
(cm l )
V
(cm” 1)
rv
Av
(cm” 1)
INTERPRETATION
36540 0 35800 0 27200 0 0 ,0
36900 360 ---- — ---- ---- ----
37740 1200 35000 800 26100 1100
V1
37950 1410 34100 1700 25600 1600
V2
38835 2295 ---- 24880 2320 V3
39220 2680 ---- ---- - - - ----
V1 + v2
39530 2990 - - - ---- ---- — ----
40000 3460 32790 3010 24040 3160 Vl  + v3
---- ---- ---- - - - 23360 3840 V2 + v3
°The frequencies e re  id e n t if ie d  as fo llow s: Vj ■ 800 -  1200cm"1 i s  a C-H in -p lan e  bending
mode; v2 -  1410 -  1700cm"1 la  a C-C s tre tc h in g  mode; v3 ■ 2295 -  232QOS"1 i s  a CW s tre tc h in g  
mode. The experim ental e r ro r  a sso c ia ted  w ith  w ell-defined  peeks i s  -30cm” 1.
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F ig u re  6 T o ta l  e m is s io n  s p e c t r a  o f  m- and £ - f l u o r o b e n z o n i t r i l e s  
in  e th a n o l  g la s s  a t  77°K . The s p e c t r a  a r e  c o r r e c te d  f o r  
a l l  in s t r u m e n ta l  p a ra m e te r s .
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LUMINESCENCE LIFETIMES AND QUANTUM YIELDS:
The e x p e r im e n ta l  d a ta  a r e  su m n arized  i n  T a b le  I I I .  The quantum
y ie ld  r a t i o  $p /$p  i s  l a r g e r  f o r  th e  £ - d e r i v a t i v e - - a n  o b s e r v a t io n  w hich
2
a p p e a rs  to  be g e n e r a l  f o r  a l l  D-cp-A s u b s e ts  . I t  a p p e a rs  t h a t  t h i s  i n ­
c r e a s e  in  £ - f l u o r o b e n z o n i t r i l e  i s  a s s o c ia b l e  w ith  an  in c r e a s e  o f  $p,
3
w hich  i s  a l s o  th e  c a s e  f o r  th e  c y a n o a n is o le s , and a d e c re a s e  o f F
w hich  i s  n o t th e  c a s e ^  f o r  th e  c y a n o a n is o le s .
The a n a l y s i s  o f  th e  d a ta  o f  T a b le  I I I  i s  e f f e c t e d  i n  th e  same 
way a s  f o r  th e  c y a n o a n is o le s ^ .  The r a t e  c o n s ta n t s  u n d er c o n s id e r a t io n  
a r e ;
-* Sq + h v ^ ; kj, ( f lu o r e s c e n c e )
T^ -> Sg + h v p j kp (p h o sp h o re sc e n c e )
S^~«9 T^ J ^XSC ( i n t e r s ys t e ® c r o s s in g )
; kg ( i n t e r n a l  c o n v e r s io n )
T j - ~ ; k^ ( in t e r s y s t e m  c r o s s in g )
*7 8I f ,  a s  ad v o c a te d  by Lim , we s e t  kg = 0 ,  th e  v a lu e s  o f  and k^,
a r e  m ax im ized . I f ,  on th e  o th e r  h an d , we s e t  Kj, = 0 , we m axim ize kg and
m in im ize  k _ . The two s e t s  o f  r e s u l t s  a r e  g iv e n  i n  T a b le  IV . I t  i s  IbC
c l e a r  t h a t  k f o r  th e  £ - d e r i v a t i v e  i s  s m a l le r  th a n  th o s e  f o r  th e  o -  and F ""
m - d e r iv a t iv e s  a t  b o th  ex tre m a  o f  T a b le  IV and t h a t  kj-g^ l a  a l s o  l a r g e s t  
f o r  th e  £ - d e r i v a t i v e  a t  b o th  e x tre m a . H ence, th e  l a r g e  $p /$p  v a lu e  w hich 
i s  c h a r a c t e r i s t i c  o f  th e  £ - d e r i v a t i v e  i s  a lm o s t w h o lly  d e te rm in e d  by th e  
s m a ll  v a lu e  o f  kp and th e  la r g e  v a lu e  o f  k jg g  f o r  £ - f l u o r o b e n z o n i t r i l e .
The d i f f e r e n t i a l  enhancem en t o f  th e  T^ -• Sq r a d i a t i v e  p ro c e s s  i n  £ -  
f l u o r o b e n z o n i t r i l e  a p p e a rs  n o t to  be s i g n i f i c a n t  a t  e i t h e r  ex trem um .
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TABLE III
LIFETIME ( t )  AND QUANTUM YIELD (I) DATA 
FOR FLUOROBENZONITRILES8
COMPOUND TF (n s )  . Tp (a ) «P «F V S
o - F lu o r o b e n z o n l t r l l e 2 5 .3 2 .4 3 0 .0 9 3 0 .5 1 0 .1 8
n - F lu o r o b e n z o n l t r i l e 2 4 .7 2 .6 0 •0.082 0 .5 4 0 .1 5
£ - F lu o r o b e n z o n l t r i l e 3 3 .9 2 .0 5 0 .2 3 0 .2 4 0 .9 6
a D eterm lned  in  e th a n o l  g l a s s  a t  77°K. The s u b s c r i p t s  F and F r e f e r  
t o  p h o sp h o re sc e n c e  and f lu o r e s c e n c e ,  r e s p e c t i v e l y .
TABLE IV
RATE CONSTANTS FOR EXCITED STATE 
DEPLETION®
(A) THE LIMIT k c = 0O
COMPOUND o ,  . ^ ( n s ) T p(s) °e \ Tp ( s ) k y C '1) kp(B- 1 ) k i s c (a  * k ^ s " 1)
o - F lu o r o b e n z o n l t r l l e 50 2 .4 3 1 3 .0 2 . 0  x  1 0 7 0 .077 1 .9  x 107 0 .3 3
n » -F lu o ro b e n z o n itr i le 46 2 .6 0 1 4 .8 2 . 2  x  1 0 7 0 .0 6 8 1 .9  x  107 0 .3 1
E - F lu o r o b e n z o n i t r i le 141 2 .0 5 6 .5 7 . 1  x  106 0 .1 5 2 .4  x  107 0 .3 6
(B) THE LIMIT = 0
COMPOUND T °(n s ) Tp ( s ) T p (s) kpC *"1) k i s c *8 * v ' l >
o^F1u o r o b e n z o n i t r i  l e 50 1 .0 5 1 .0 5 2 . 0  x  1 0 7 0 .9 5 3 .6  x  106 1 . 6  x  1 0 7
m - F lu o r o b e n z o n i t r i le 46 1 .9 8 1 .9 8 2 .2  x 107 0 .5 1 3 .5  x  106 1 .5  x  107
£ - F lu o r o b e n z o n ± tr i l e 141 1 .3 8 1 .3 8 7 .1  x  106 0 .7 2 7 .1  x  106 1 .5  x  107
®The q u a n t i t i e s  t°  and oTp a r e d e f in e d  a s 4  ■ l / k F »e,
o hi *
-*
• 1
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The r e s u l t s  o f  t h i s  w ork a r e :
( i )  The f lu o r e s c e n c e  o f  th e  th r e e  is o m e r ic  f lu o r o b e n z o n i-
t r i l e s  i s  o f  -* n a tu re  and I s  th e  in v e r s e  o f  th e  lo w e s t e n e rg y  «-
Sq a b s o r p t io n  e v e n t .  The 36000cm ^ band o f  a l l  iso m e rs  c o n s i s t s  o f  o n ly  
one e l e c t r o n i c  e x c i t a t i o n  e v e n t ,  th e  «- t r a n s i t i o n .
( i i )  The c o m p a ra tiv e ly  lo n g  i n t r i n s i c  f lu o r e s c e n c e  l i f e t i m e  
o f  th e  £ - is o m e r  i s  a t t r i b u t a b l e  to  th e  fo rb id d e n n e s s  o f  th e  «- 
t r a n s i t i o n  in  t h i s  is o m e r .
( i i i )  The la r g e  $p /$p  r a t i o  i n  th e  £ - is o m e r  i s  a  d i r e c t  co n ­
seq u en ce  o f  th e  s m a ll  v a lu e  o f  
e n t  la r g e  v a lu e  o f  k p ( in  th e  l i m i t  kg = 0  o n ly )  f o r  th e  £ - i s o m e r .
( i v )  The «- ^A a b s o r p t io n  band i s  o f  h ig h e s t  e n e rg y  and o f
lo w e s t o s c i l l a t o r  s t r e n g t h  i n  th e  £ - i s o n e r .  The <- *A a b s o r p t io n  banda
i s  o f  lo w e s t e n e rg y  and o f  h ig h e s t  o s c i l l a t o r  s t r e n g t h  i n  th e  ^ d e r i v a ­
t i v e .  The -  ^L, gap i s  s m a l le s t  i n  th e  £ - is o m e r .
a  b
(v )  A ll  o f  th e  c h a r a c t e r i s t i c s  ( i ) - ( i v )  a r e  a l s o  p e r t i n e n t
2  3
to  a l l  { £ - , m -, £ -}  t r i a d s  o f  D-cp-A ty p e  w hich  h ave  b een  i n v e s t i g a t e d .
The s i t u a t i o n  in  th e  p o la r  D-cp-A t r i a d s  may be d i s t o r t e d — in  th e  s e n se
t h a t  may be z e r o ,  th e  *Xa -  band gap may be z e ro  o r  n e a r ly  z e r o ,
e t c . —b u t th e s e  h ig h ly - p o la r  t r i a d s  a p p e a r  to  f i t  w i th in  th e  same p a t t e r n
as th e  w e a k ly -p o la r  f l u o r o b e n z o n i t r i l e s .
, th e  l a r g e  v a lu e  o f  h - g ^ ,  and th e  a p p a r -
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CHAPTER IV.
ELECTRONIC SPECTROSCOPY OF HIGHLY-POLAR ARGMATICS. 
LUMINESCENCE OF THE CYANOANILINES
INTRODUCTION
The c y a n o a n i l ln e s  c o n s t i t u t e  a r e l a t i v e l y  p o la r  a u b a e t o f  
D - c p - A  ty p e  w here D l a  an  e l e c t r o n  d o n o r , A l a  an  e l e c t r o n  a c c e p to r
and cp I s  a p h e n y l r i n g .  The p o l a r i t y  o f  th e  c y a n o a n i l ln e s  l a  l a r g e r
1 2 th a n  t h a t  o f  e i t h e r  th e  c y a n o a n la o le s  o r  th e  f l u o r o b e n z o n l t r l l e a
3
b u t s m a l le r  th a n  th e  n l t r o a n l l l n e s  . T hus, any  c h a r a c t e r i s t i c s  w h ich
gauge th e  d e g re e  o f  p o l a r i t y  ( e . g . ,  th e  E(*Lfl) -E ( ^ I ^ )  e n e rg y
1 2  3 4I n t e r v a l  * * o r  s o lv e n t- In d u c e d  band s h i f t s  ) sh o u ld  e x h i b i t  I n t e r ­
m ed iacy  b e tw een  th o s e  o f  c y a n o a n ls o le s  and f l u o r o b e n z o n i t r l l e s  on 
th e  one hand and n l t r o a n l l l n e s  on th e  o t h e r .  The p u rp o se  o f  t h i s  
work I s  t o  e l i c i t  su ch  c h a r a c t e r i s t i c s .
A l l  e x p e r im e n ta l  te c h n iq u e s  u sed  h e re  have b een  d is c u s s e d  
p rev iously^"*
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RESULTS AND DISCUSSION
ABSORPTION:
The a b s o r p t io n  s p e c t r a  o f  th e  t h r e e  is o m e r ic  c y a n o a n i l ln e s  
a r e  shown in  F ig u re  1. The a b s o r p t io n  s p e c t r a  o f  th e  o -  and rn- 
iso m e rs  a r e  s i m i l a r  a n d , a p a r t  from  a s l i g h t  r e d s h i f t  o f  ~  1 0 0 0 cm *, 
a r e  n o t much a l t e r e d  i n  g o in g  from  a 3- m e th y lp e n ta n e  (3MP) t o  an  
e th a n o l  s o lv e n t  medium* The a b s o r p t io n  sp e c tru m  o f  th e  £ -  iso m e r i s  
d i s t i n c t  from  th o s e  o f  th e  o th e r  two Iso m e rs  and i s  a l s o  q u i t e  d i f ­
f e r e n t  i n  a n o n -p o la r  (3MF) a s  opposed  to  a p o la r  ( e th a n o l )  medium.
The lo w e s t- e n e rg y  a b s o r p t io n  band o f  th e  £ -  iso m e r c o n s i s t s  
o f  a t  l e a s t  two d i s t i n c t  e l e c t r o n i c  t r a n s i t i o n s .  The lo w e s t e n e rg y  
band w h ich , i n  3MP, may be supposed  to  m axim ize a t  ~34500cm 
r e p r e s e n t s  e x c i t a t i o n  from  ground  to  an  e x c i te d  e l e c t r o n i c  s t a t e  w h ich
*  •k 1
i s  d o m in a n tly  o f  D -  cp -  A ty p e  w here cp i s  a - r e l a t e d  e x c i t a t i o n  
o f  th e  p h e n y l m o ie ty .  T h is  «- e x c i t a t i o n  a l s o  c o n ta in s  i n t r a ­
m o le c u la r  c h a rg e  t r a n s f e r  c o n f ig u r a t io n a l  com ponents o f  ty p e
+  -  +  -  +  -
D -c p  -A , D - t p  - A  , D - c p - A  b u t th e s e  a r e  n o t  th o u g h t t o  b e  o f  s i g n i ­
f i c a n t  a m p li tu d e .  D e ta i l s  o f  th e  «- Sq t r a n s i t i o n s  a r e  g iv e n  i n  
T ab le  I  (A ).
The band w h ich  m ax im izes a t  38000cm * f o r  £ - c y a n o a n l l in e  
i n  3MP i s  commonly r e f e r r e d  t o  a s  a n  " in t r a m o le c u la r  c h a rg e  t r a n s f e r  
b a n d " ; i t  c o r re s p o n d s  t o  a t r a n s i t i o n  from  th e  ground  s t a t e  t o  an
e x c i te d  s t a t e  w h ich  i s  a  l a r g e  m ix o f  e x c i t e d  e l e c t r o n i c  c o n f ig u r a t io n s
+  -  +  -  +  *  *
D -c p  -A , D -c p  - A  , D - c p - A  , e t c . ,  and D -c p  - A  w here cp i s  a n  e x c i t e d
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F ig u re  1 A b s o rp t io n  s p e c t r a  o f  o - ,  m- and £ -  c y a n o a n i l ln e s  in  
e th a n o l  ( s o l i d  l i n e )  and in  3 -m e th y lp e n ta n e  (d ash ed  l i n e )  
a t  ~298°K .
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X ( A )
m
i
O
K
%
30002000 25008
CN
6
4
2
0
CN
2-20
0-15 CN
NHZ
48 44 40 36 32 28
v (cm"1 x 10“*)
TABLE I .
ABSORPTION AND EMISSION DATA8 
(A) 1Lb -  1A TRANSITIONS.
A b so rp t l on E nergy E m issio n  E nergy A b so rp tio n  I n t e n s i t y
M olecu le 0 . 0 Maximum Maximum *max ( f )
3MP E th a n o l E th a n o l 3MP E th a n o l
o -C y a n o a n ilin e  
m -C y a n o an llln e  
£ -C y a n o a n l l ln e
~30440
30900
33000
30750
31200
m
27600
27500
30000
4330 (0 .0 6 2 )  3450 (0 .0 5 5 )  
2860 (0 .0 4 2 )  2350 (0 .0 4 2 )  
2350 (0 .0 3 8 )
(» ) \ ~  *A TRANSITIONS
A b so rp tio n  E nergy A b so rp tio n  I n t e n s i t y
M olecu le Band Maximum 6max ( f )
3MP E th a n o l 3MP E th a n o l
o - Cya noa n i  11 ne 
m -C y a n o a n llin e  
p -C y a n o a n ll in e
41200
41200
38200
40300
39700
36200
7460 (0 .1 7 )  6110 (0 .1 1 )  
7050 (0 .2 0 )  6220 (0 .1 6 )  
19900 (0 .3 0 )  19600 (0 .3 7 )
A b s o rp t io ^  m easurem en ts  w ere made a t  298 K; e m is s io n  s tu d i e s  w ere made a t  77°K. The e x p e r im e n ta l 
e r r o r  I s  -  50cm .  The sym bol « d e n o te s  m o la r  d e c a d ic  e x t i n c t i o n  c o e f f i c i e n t  and f  d e n o te s  
o s c i l l a t o r  s t r e n g t h .  A ll  e n e r g ie s  a r e  In  v a v e n u n b e rs , cm” *-.
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s t a t e  o f  Lg -  r e l a t e d  e x c i t a t i o n  ty p e  o f  th e  a ro m a tic  m o ie ty . D e ta i l s  
o f  t h i s  t r a n s i t i o n  a r e  g i v e n . in  T ab le  I  (B ).
•  1
I t  i s  ou r c o n te n t io n  th a t  th e  34500cm maximum o f  £ -  
c y a n o a n i l in e  i s  th e  a n a lo g  o f  th e  32000cm ^ bands o f  th e  o -  and m- 
c y a n o a n i l in e s  and th a n  th e  38000cm” ^ maximum o f  j> -c y a n o a n ilin e  i s  th e  
a n a lo g  o f  th e  41000cm ^ bands o f  o - and m- c y a n o a n i l ln e s .
The s p e c t r a  o f  th e  c y a n o a n i l ln e s  s u b s t a n t i a t e  a p r i o r  c la lm ^  
w h ich  s t a t e s  t h a t  th e  p r im a ry  d i f f e r e n c e  be tw een  th e  a b s o r p t io n  s p e c t r a  
o f  th e  o -  amd m- iso m er p a i r  on th e  one band and th e  £ -  iso m e r on th e  
o th e r  i s  an  e n e rg y  d ec rem en t and i n t e n s i t y  in c re m e n t o f  th e  -  r e ­
l a t e d  e x c i t a t i o n  and an e n e rg y  in c re m e n t and i n t e n s i t y  d ecrem en t o f  
th e  -  r e l a t e d  e x c i t a t i o n .  The e f f e c t  o f  an  I n c r e a s e  o f  r e l a t i v e  
d o n o r /a c c e p to r  c h a r a c t e r  o f  th e  D/A s u b s t i t u e n t  p a i r  on th e  a b s o r p t io n  
s p e c t r a  o f  th e  p -  iso m e rs  o f  D-cf^A t r i a d s  i s  in d e e d  a d e c re a s e  o f
e n e rg y  o f  th e  r e l a t e d  e x c i t a t i o n .  T hus, a s  a  r e s u l t  o f  th e  s t r o n g e r
d o n o r /a c c e p to r  s t r e n g t h  o f  th e  am in o /cy an o  s u b s t i t u e n t  p a i r  o f  
c y a n o a n i l in e  r e l a t i v e  t o  th e  m e th o x y /cy an o  s u b s t i t u e n t  p a i r  o f  
c y a n o a n is o le ,  th e  -  r e l a t e d  e x c i t a t i o n  o f  j>- c y a n o a n i l in e  c o m p le te ly  
o c c lu d e s  th e  r e l a t e d  e x c i t a t i o n  i n  th e  p o la r  s o lv e n t  e t h a n o l .
The two e x c i t a t i o n s  o f  j> -c y a n o a n i l in e ,  «-*A and *1^ *A,
a r e  p a r t i a l l y  s e p a r a te d  i n  th e  n o n p o la r  s o lv e n t  3MP. The l a r g e
c h a rg e  t r a n s f e r  c h a r a c t e r  o f  th e  *l  -  r e l a t e d  t r a n s i t i o n  p ro d u c e s  a8
g r e a t e r  s e n s i t i v i t y  o f  th e  *La «- *A t r a n s i t i o n  to  s o lv e n t  e f f e c t s  a n d , 
a s  a r e s u l t ,  i t s  e n e rg y  d e c r e a s e s  more th a n  t h a t  o f  th e  *1^  -  r e l a t e d  
e x c i t a t i o n  in  an  e th a n o l  medium. S im i la r ly ,  s o lv e n t  e f f e c t s  on th e
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^La -  r e l a t e d  e x c i t a t i o n  a r e  l a r g e r  I n  th e  j>- Iso m er (~ 2 0 0 0 cm” *‘) th a n  
I n  th e  o -  o r  m- Iso m ers  (~ 1 0 0 0 cm b e c a u se  o f  th e  l a r g e r  p o l a r i t y  
o f  th e  £ - Iso m e r.
The low te m p e ra tu re  (77°K ) a b s o r p t io n  s p e c t r a  o f  th e  t h r e e  
c y a n o a n i l ln e s  I n d i c a t e  th e  p re s e n c e  o f  a g g r e g a te s .  T hese a g g r e g r a te s  
form  a t  low er c o n c e n t r a t io n s  i n  a 3MP medium th a n  I n  a n  e th a n o l  med­
ium . T h is  c o n c lu s io n  c o n c e rn in g  a g g r e g a t io n  I s  b a se d  on s h i f t s  o f
a b s o r p t io n  band maxima and on I n c r e a s e s  o f  h a l f  band w id th s  w h ich  
accom pany th e  g l a s s i f i c a t i o n  p ro c e s s  w hich  o c c u rs  b e tw een  300° and 
77°K . T hese e f f e c t s  a r e  d e t a i l e d  I n  T ab le  I I .  I t  i s  a l s o  p o s s ib le  
t h a t  s o l v e n t - s o l u t e  i n t e r a c t i o n s  p la y  some r o l e  i n  th e  g e n e r a t io n  o f  
th e s e  e f f e c t s ;  how ever. I n  v iew  o f  th e  c o m p a ra tiv e  d a ta  o f  T a b le  I I ,
we m ust c o n s id e r  su ch  e f f e c t s  t o  be s e c o n d a ry .
. 5
At c o n c e n t r a t io n s  o f  10 M o r  l e s s  i n  a p o l a r  s o lv e n t  a
weak v i b r a t i o n a l  s t r u c t u r i n g  i s  o b se rv e d  on th e  lo w -e n e rg y  s id e  o f
th e  f i r s t  a b s o r p t io n  band o f  th e  £ - c y a n o a n i l in e .  T h is  s t r u c t u r e  I s
shown I n  F ig u re  2 .  V ib r a t i o n a l  a n a l y s i s  i n d i c a t e s  th e  p re s e n c e  o f  
i n t e r v a l s  o f  ~800 and ~1200cra * .  T hese  a r e  i d e n t i c a l  t o  th e  I n t e r ­
v a l s  found  i n  a 3MP s o lv e n t  and a r e  I d e n t i f i e d  a s  a C-H o u t - o f - p la n e  
bend and a C-C s t r e t c h ,  r e s p e c t i v e l y .  We ta k e  t h i s  o b s e r v a t io n  to
im p ly  t h a t  E(*L ) > E ( * L  ) i n  b o th  p o la r  and n o n -p o la r  s o lv e n t  m e d ia , 
fl B
FLUORESCENCE:
The f lu o r e s c e n c e  o f  th e  c y a n o a n i l ln e s  e x h i b i t s  v e r y  l i t t l e  
s t r u c t u r e  i n  g la s s y  m edia a t  77°K. T hese  f lu o r e s c e n c e  s p e c t r a  a r e  
shewn i n  F ig u re  3 . A lo s s  o f  s t r u c t u r e  seem s to  be  c h a r a c t e r i s t i c  o f
TABLE I I .
SOLVENT AND TEMPERATURE EFFECTS ON ABSORPTION BANDS®
S h i f t o f  Band Maximum A (A ^ )
M olecu le T r a n s i t i o n 298°K 2 9 8 ° -  77°K
0  O
298 -* 77 K 298° --  77°K
3MP -  EPA 3MP EPA 3MP EPA
o -C y a n o a n ilin e
N
\ " l A 
1 1
-1130 -1650 -9 7 0 +2020 +190
m -C y a n o a n ilin e A
-1 2 5 0 -1 7 2 0 -930 +1330 +250
£ -  C y a n o a n ilin e a
-1400 -2380 -9 8 0 +4048 +180
a “ 1 + - I  _E n e rg ie s  a r e  c i t e d  i n  w avenum bers (cm ) ;  th e  e x p e r im e n ta l  e r r o r  i s  -50cm  ; L \  i s  th e
h a l f -b a n d  w id th s ;  A(Av^) i s  th e  e f f e c t  o f  te m p e ra tu re  on h a lf -b a n d  w id th .
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F ig u re  2 . F lu o re s c e n c e  and a b s o r p t io n  s p e c t r a  f o r  p - c y a n o a n i l in e  a t  
77°K . The f lu o r e s c e n c e  sp e c tru m  i s  f o r  g la s s y  e th a n o l
s o l u t i o n  and i s  c o r r e c t e d .  The a b s o r p t io n  sp ec tru m  was
o
o b ta in e d  in  an EPA g la s s  a t  77 K. The m i r r o r  p la n e  i s  
supposed  t o  l i e  a t  31750cm * and i s  d en o ted  by  a  v e r t i c a l  
l i n e .
OPTICAL DENSITY RELATIVE INTENSITY
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F ig u re  3 . T o ta l  lu m in e sc e n c e  s p e c t r a  o f  o - ,  m- and j>- c y a n o a n i l ln e s  
i n  e th a n o l  a t  77°K. The s p e c t r a  a r e  c o r r e c t e d .
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th e  f lu o r e s c e n c e  o f  th e  more p o la r  D-cp-A s u b s e t s .  T h is  l o s s  o f  
s t r u c t u r e  may be a s s o c ia b l e  w i th  th e  n e a r -d e g e n e ra c y  o f  th e  and
s t a t e s  w h ich  o c c u rs  i n  th e  more p o la r  m o le c u le s  b u t ,  more p ro b a b ly ,  
i t  i s  m e re ly  an  i n d i c a t o r  o f  a  g r e a t e r  ra n g e  o f  s o l v e n t - s o l u t e  a r r a n g e ­
m en ts  and s o l u t e - s o l u t e  i n t e r a c t i o n s  i n  th e s e  s y s te m s .
The f lu o r e s c e n c e  and th e  lo w e s t- e n e rg y  a b s o r p t io n  band o f  
£ -  c y a n o a n i l in e  do n o t e x h i b i t  a  m i r r o r  im age r e l a t i o n s h i p .  The 
f lu o r e s c e n c e  sp e c tru m , how ever, d o es  e x h i b i t  th e  same v lb r o n l c  i n t e r ­
v a l s  ( i . e . ,  800 and 1 2 0 0 cm *) a s  o c c u r  on th e  lo w -e n e rg y  s id e  o f  th e  
lo w e s t- e n e rg y  a b s o r p t io n  b a n d . T hese two o b s e r v a t io n s  s u g g e s t  t h a t  
th e  f lu o r e s c e n c e  i s  th e  in v e r s e  o f  th e  «- ^A a b s o r p t io n  p r o c e s s .
T h is  in f e r e n c e  i s  f u r t h e r  s u b s t a n t i a t e d  by th e  l a r g e  h a l f - w id t h  o f  th e  
lo w e s t- e n e rg y  a b s o r p t io n  band (~4500cm *) r e l a t i v e  t o  t h a t  o f  th e  
f lu o r e s c e n c e  (~3000cm~*) and by  r a d i a t i v e  l i f e t i m e  d a t a .  The i n t r i n s i c  
r a d i a t i v e  l i f e t i m e ,  a s  o b ta in e d  from  f lu o r e s c e n c e  d a ta  i s  2 2 n s ;  t h a t
9
c a l c u la te d  from  a b s o r p t io n  o s c i l l a t o r  s t r e n g t h  d a t a ,  assum ing  th e  
f lu o r e s c e n c e  t o  be th e  In v e r s e  o f  th e  w hole lo w e s t- e n e rg y  a b s o r p t io n  
band i s  ~ 2n s ,  w h ich  i s  c l e a r l y  to o  lo w ; t h a t  c a l c u l a t e d  a ssu m in g  th e  
f lu o r e s c e n c e  t o  be th e  I n v e r s e  o f  th e  s t r u c t u r e d  lo w -e n e rg y  " t a l l "  
r e g io n  i s  ~ 2 7 n s . T hus, e m is s io n  d a ta  a l s o  im p ly  th e  p re s e n c e  o f  a t  
l e a s t  two «- Sq p ro c e s s e s  ( i . e . ,  «- Sq and S j *■ S^) i n  th e  lo w e s t-
e n e rg y  a b s o r p t io n  band o f  £ - c y a n o a n i l i n e .
The f lu o r e s c e n c e  s p e c t r a  o f  th e  jo- and m- iso m e rs  a r e  so 
d i f f u s e  t h a t  no c la im s  c o n c e rn in g  a m i r r o r  im age r e l a t i o n  t o  th e  lo w e s t-  
e n e rg y  a b s o r p t io n  band may be s u b s t a n t i a t e d .  However, th e  h a l f - w id th s  
o f  th e  e m is s io n  and a b s o r p t io n  p ro c e s s e s  a r e  c l o s e l y  i d e n t i c a l
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a t  ~3000cm "1. F u r th e rm o re , th e  i n t r i n s i c  e m is s iv e  l i f e t i m e s ,  as  
o b ta in e d  from  e m is s io n  d a t a ,  a r e  22 and 15 n s ,  r e s p e c t i v e l y .  Those 
c a l c u la te d  from  a b s o r p t io n  o s c i l l a t o r  s t r e n g t h  d a t a ,  assu m in g  t h a t  
th e  lo w e s t- e n e rg y  a b s o r p t io n  bands a r e ,  i n  b o th  I n s ta n c e s ,  th e  in v e r s e s  
o f  th e  f lu o r e s c e n c e  p r o c e s s e s ,  a r e  ~ 22ns i n  th e  two c a s e s .  In  v iew  
o f  th e  a g re e m e n t, we co n c lu d e  t h a t  th e  lo w e s t- e n e rg y  a b s o r p t io n  
ban d s  o f  th e  o -  and j>- Iso m ers  c o n s i s t  o f  one s in g l e  e l e c t r o n i c  
t r a n s i t i o n  e v e n t and t h a t  th e  f lu o r e s c e n c e  i s  th e  in v e r s e  o f  t h i s  e v e n t .
PHOSPHORESCENCE!
T o ta l  lu o in e s c e n c e  s p e c t r a  a r e  shown i n  F ig u re  3 . and a r e  
c o r r e c te d  f o r  a l l  in s t r u m e n ta l  p a r a m e te r s .  The p h o sp h o re sc e n c e  s p e c t r a  
a r e  somewhat more s t r u c t u r e d  th a n  th e  f lu o r e s c e n c e  s p e c t r a ,  i n d i c a t i n g
t h a t  th e  T^ s t a t e  i s  l e s s  p o la r  th a n ,  and c o n ta in s  a s m a l le r  a d m ix tu re
o f  c h a rg e  t r a n s f e r  com ponents th a n  e i t h e r  th e  S^ o r  S^ s t a t e .
A v ib r o n i c  a n a l y s i s  o f  th e  p h o sp h o re sc e n c e  sp e c tru m  o f  th e
£ -  iso m e r i n d i c a t e s  a c t i v i t y  i n  a  O H  o u t - o f - p la n e  b en d in g  mode
, -1  -1
(~950cm ) and i n  a  O C  s t r e t c h i n g  mode (~1600cm ) •
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LUMINESCENCE LIFETIMES AND QUANTUM YIELDS:
E x p e r im e n ta l d a ta  a r e  g iv e n  In  T ab le  I I I .  The r a t i or  r
I s  l a r g e s t  f o r  th e  £ -  Iso m e r , a n  o b s e r v a t io n  w h ich  a p p e a rs  t o  be g en -
1 2  3e r a l  f o r  a l l  D-qnA t r i a d s  * * ,  I n  th e  c a se  o f  th e  c y a n o a n i l ln e s ,  I t  
a p p e a rs  t h a t  t h i s  b e h a v io r  I s  d i r e c t l y  a t t r i b u t a b l e  t o  th e  low v a lu e  
o f  $ I n  th e  £ -  Iso m e r.f
The d a ta  o f  T ab le  I I I  a r e  a n a ly se d  I n  T a b le  IV I n  te rm s  o f
th e  r a t e  c o n s ta n t s  k f , k p ,  k Ig(, ,  k g and k^, w h ich  a r e  d e f in e d  elsew here^*
( s e e  a l s o  a p p e n d ix ) .  S in ce  t h e r e  a r e  f i v e  unknown r a t e  c o n s ta n t s
and o n ly  fo u r  In d e p e n d e n t e x p e r im e n ta l  d a ta  e n t r i e s  ( I . e . ,  $p , $p ,
Tp and Tp), I t  fo l lo w s  t h a t  th e  a n a l y s i s  r e q u i r e s  th e  e l im in a t io n  o f
one o f  th e  r a t e  c o n s t a n t s .  The two l i m i t i n g  c o n d i t io n s  w h ich  a r e  used
f o r  t h i s  e l im i n a t io n  i n  T ab le  IV ( I . e . ,  k g = 0 and k^, -  0) have been
d is c u s s e d  e ls e w h e re ^ ;  o f  t h e s e ,  th e  s u p p o s i t io n  t h a t  k c = 0  h a s  b een
w id e ly  u sed  and I s  p ro b a b ly  th e  m ore p e r t i n e n t  l i m i t .  In  th e  l i m i t
k g = 0 , th e  l a r g e  $p /$ p  v a lu e  f o r  th e  £ -  Iso m er i s  a t t r i b u t a b l e  t o
sm a ll kp  and l a r g e  k j g c ,  b o th  o f  w h ich  g e n e r a te  a  s m a ll  f p ; In  th e
l i m i t  k ^  = 0 , th e  same f a c t  m ust be a t t r i b u t e d  t o  sm a ll kp  and l a r g e
k  ,  b o th  o f  w h ich  a l s o  g e n e r a te  a sm a ll $_• T hus, i n  e i t h e r  l i m i t ,
2> F
i t  seem s c l e a r  t h a t  th e  $p /$ p  b e h a v io r  i s  d e te rm in e d  m o s tly  by non-
r a d i a t i v e  d e p l e t i v e  p r o c e s s e s .
The quantum  y i e l d s  o f  th e  o - ,  m- and £ -  c y a n o a n i l ln e s  a r e
c o n c e n t r a t io n  d e p e n d e n t.  An exam ple o f  su ch  a c o n c e n t r a t i o n  dependence
i s  shown i n  F ig u re  4 . The lo w er quantum  y i e l d s  o c c u r  a t  h ig h e r  con-
. 4
c e n t r a t i o n s ,  th e  b re a k  p o in t  o c c u r in g  a t  ~10 M I n  a l l  t h r e e  I n s t a n c e s .  
T h is  b e h a v io r  i s  a t t r i b u t e d  to  th e  fo rm a tio n  o f  m l c r o c y s t a l l l t e s  o r
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TABLE I I I .
LUMINESCENCE LIFETIME ( t )  AND QUANTUM YIELD («) DATA 
FOR CYANOANILINES*
Compound rp (ns)
o 8
Tp(s) *F *P V » FAbs. Em.
o-Cyanoaniline 6.9 22 22 3.65 0.31 0.096 0.31
m-Cyanoanillne 12.9 22 15 2.65 0.87 0.047 0.054
£* Cyanoaniline 3.3 27 33 2.45 0.15 0.11 0.73
*In e thano l g la ss  a t  77°K the  su b sc rip ts  P and F r e f e r  to  phosphorescence 
and flu o rescen ce , re s p e c tiv e ly .
**The abso rp tion  data  r e f e r  to  g lassy  e thanol so lu tio n *  a t  77°K. R e la tive  
to  room tem perature d a ta , e x tin c tio n  c o e ff ic ie n ts  undergo an increase  
s t  77 K; the in c reases  are  307., 707. and 20X fo r o - , m-, and j>- 
cyanoan ilines, re s p e c tiv e ly .
TABLE IV.
RATE CONSTANTS FOR EXCITED STATE 
DEPIETION®
(A) THE LIMIT k_ * 0
W
COMPOUND 0 / \ t f  <n s > *6 ✓“
N 00 tJ ( s ) V ' 1) kp(8_1) kxsc<B'1> kT( s ”1)
£ -C y a n o a n il in e 22 3 .6 5 2 6 .3 4 . 5 x l0 7 0 .0 3 8 l.O x lO 8 0 .2 4
m -C yanoani1in e 15 2 .6 5 7 .3 6 .7 x l0 7 0 .1 4 l.O x lO 7 0 .2 5
£ - C y a n o a n ilin e 33 2 .4 5 1 9 .0 3 .0 x l0 7 0 .0 5 3 1 . 7x l 0 8 0 .3 6
(B) THE LIMIT ^ 0
COMPOUND (ns) Tp(s) T°(s) k p C s '1) k p( s _1) kT( s -1 )
0 - C y a n o a n ilin e 22 3 .6 5 3 .6 5 4 . 5 x l0 7 0 .2 7 1 .4 x l0 7 8 . 6x l 0 7
m -C y a n o an ilin e 15 2 .6 5 2 .6 5 6 . 7x l 0 7 0 .3 8 3 .6 x l0 6 6 .4 x l0 6
£ - C y a n o a n ilin e 33 2 .4 5 2 .4 5 3 .0 x l0 7 0 .4 1 2 . 2x l 0 7 1.5x10®
a The q u a n t i t i e s  t °  and t °  a r e  d e f in e d  a s  t °  2  * /k p  and t °  =  *Ac.p.
Figure 4. The concentration dependence of fluorescence quantum
y ie ld  f o r  m -c y a n o a n il in e  in  an  e th a n o l  g l a s s  a t  77 r  —
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o th e r  h ig h ly - a s s o c i a te d  s p e c ie s  w h ich  p o s s e s s  a lo w er i n t r i n s i c  
f lu o r e s c e n c e  quantum  y i e l d ;  t h i s  b e h a v io r  m im ics c o r re s p o n d in g  a n o m a lie s  
w h ich  have been  n o te d  i n  b o th  th e  a b s o r p t io n  s p e c t r a  ( e . g . ,  T ab le  I I )  
and i n  th e  lu m in escen c e  s p e c t r a .  As a r e s u l t ,  a l l  lu m in e sc e n c e  d a ta  
r e p o r te d  i n  t h i s  work r e f e r  t o  c o n c e n t r a t io n s  l e s s  th a n  10"^M, co n cen ­
t r a t i o n s  f o r  w hich  th e  v a lu e s  h ad , i n  a l l  i n s t a n c e s ,  a c h ie v e d  th e  
s t a b l e  u p p er p l a t e a u .
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CONCLUSIONS
The r e s u l t s  o f  t h i s  w ork s r e
( i )  The lo w e s t- e n e rg y  a b s o r p t io n  band o f  j>-cya noa n i l  in e  
c o n s i s t s  o f  a t  l e a s t  two e x c i t a t i o n  e v e n t s ,  th e  *- *A and «- *A 
e v e n t s .  T hese two e x c i t a t i o n s  a r e  more o r  l e s s  i s o e n e r g e t i c  i n  p o la r  
s o lv e n t  m e d ia . However, ev en  i n  p o la r  m ed ia , th e  ^L^ «- *A e x c i t a t i o n  
i s  o f  low er e n e rg y . In  n o n -p o la r  m edia th e  E(*La ) -  E (^L^) s e p a r a t i o n  
i s  l a r g e r  and e q u a ls  ~3500cm In  th e  o -  and m- is o m e rs ,  th e  lo w e s t-  
e n e rg y  a b s o r p t io n  band c o n s i s t s  o f  one e x c i t a t i o n  e v e n t ,  <- *A.
( i i )  The c o m p a ra tiv e ly  lo n g  i n t r i n s i c  f lu o r e s c e n c e  l i f e ­
tim e  o f  th e  £ -  iso m e r i s  a d i r e c t  co n seq u en ce  o f  th e  low p r o b a b i l i t y  
o f  th e  <- *A t r a n s i t i o n  .
( i i i )  The l a r g e  r a t i o  o f  th e  j>- Iso m er i s ,  i n  p a r t ,  
a r e s u l t  o f  i te m  ( i i )  w h ich , b e c a u se  o f  s m a l le r  v a l u e s ,  r e n d e r s
q u en ch in g  and p r o c e s s e s  more e f f i c i e n t  and p ro d u c e s  a
s m a l le r  v a lu e  o f  $ i n  t h i s  Iso m e r.
F
( i v )  A g g re g a te s  form  i n  s o lu t i o n s  o f  c o n c e n t r a t io n  g r e a t e r
**4 oth a n  10 M, p a r t i c u l a r l y  upon g i a s s l f l c a t l o n  a t  77 K. T hese  e f f e c t s
le a d  to  ch an g es i n  a b s o r p t io n  and e m is s io n  s p e c t r a  and in  r a d i a t i v e
c o n s ta n t s .  They a r e  p a r t i c u l a r l y  p ronounced  i n  n o n -p o la r  m edia and
th e y  a p p e a r  t o  be common to  a l l  h ig h l y - p o la r  D-cp^A e n t i t l e s .
(v )  A d e c re a s e  o f  th e  E(*Lfl) i n t e r v a l ,  a  d e c re a s e
o f  «- *A) and a n  I n c r e a s e  o f  f  (^Lfl «- *A) a p p e a r  t o  be c h a r a c t e r ­
i s t i c  o f  i n c r e a s in g  p o l a r i t y  o f  a l l  ]>-D-q>-A e n t i t i e s .
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CHAPTER V
ELECTRONIC SPECTROSCOPY OF HIGHLY-POLAR AROMATICS. 
LUMINESCENCE OF THE AMINQACETOPHENONES
INTRODUCTION
The am in o ace to p h en o n es  b e lo n g  to  th e  c l a s s  o f  h ig h l y - p o la r  
m o le c u le s  d e n o te d  D-cp-A, w here D i s  an  e l e c t r o n  d o n o r s u b s t i t u e n t ,  
cp i s  a  d i s u b s t i t u t e d  b enzene  r i n g  and A i s  an  e l e c t r o n  a c c e p to r  
s u b s t i t u e n t .  Of th e  v a r io u s  {<>, m, j>) is o m e r ic  t r i a d s  o f  th e
D-cp-A ty p e  w h ich  have b een  i n v e s t i g a t e d  ( i . e . ,  n l t r o a n l l l n e s * ' ,
2 3 4f l u o r o b e n z o n i t r i l e s  , c y a n o a n is o le s  , and c y a n o a n l l in e s  ) ,  th e
am in o ace to p h en o n es  a r e  th e  m ost p o l a r  s u b s e t  f o r  w hich  a l l  th r e e
is o m e r ic  members e x h i b i t  b o th  f lu o r e s c e n c e  and p h o s p h o re s c e n c e . In
th e  m ost p o la r  s u b s e t ,  th e  n i t r o a n i l i n e s * ' ,  th e  o -  and m- iso m e rs
f lu o r e s c e  o n ly  w h ereas  th e  j>- Isom er p h o s p h o re s c e s  o n ly .  In  th e
l e s s  p o la r  s u b s e t s ,  a l l  iso m e rs  e x h i b i t  b o th  f lu o r e s c e n c e  and
p h o s p h o re s c e n c e . H ence, th e  am in o ace to p h en o n es  a r e  o f  I n t e r e s t  i n
d e te rm in in g  w h e th e r  o r  n o t th e  p e c u l i a r  lu m in e sc e n c e  c h a r a c t e r i s t i c s
o f  th e  n i t r o a n i l i n e  s u b s e t  a r e  a g e n e r i c  e f f e c t  o f  in c r e a s e d  m o le c u la r
d i p o l a r i t y  o r  a r e  m e re ly  th e  r e s u l t  o f  a  f o r t u i t o u s  a rra n g e m e n t o f
th e  e x c i te d  e l e c t r o n i c  s t a t e s  In tro d u c e d  by th e  n l t r o  g ro u p .
A ll  o f  th e  e x p e r im e n ta l  te c h n iq u e s  used  i n  t h i s  work have 
b een  d is c u s s e d  p re v io u s ly * - \
A re v ie w  o f  th e  e x p e r im e n ta l  d a ta  f o r  D-q^A t r i a d s ,  c u r r e n t  
up u n t i l  1971 , i s  a v a i l a b l e . ^
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RESULTS AND DISCUSSION
ABSORPTION
A b so rp t io n  s p e c t r a  o f  £ - ,  m- and £ -a m in o a c e to p h e n o n e s  a r e  
shown In  F ig u re s  1 and 2 . T hese s p e c t r a  a r e  s o lv e n t  d e p e n d e n t, 
p a r t i c u l a r l y  t h a t  o f  th e  £ - iso m e r. D e ta i l s  a r e  g iv e n  i n  T a b le  I .
The s p e c t r a  o f  th e  o - and m- am in o ace to p h en o n es  a r e  s im i l a r  and 
q u i t e  d i f f e r e n t  from  t h a t  o f  th e  £ -a m in o a c e to p h e n o n e .
The lo w e s t- e n e rg y  a b s o r p t io n  band o f  th e  o -  and m- d e r iv a ­
t i v e s  i s  s t r u c t u r e l e s s  i n  e th a n o l  and 3MP s o lv e n t  m e d ia . T h is  
a b s o r p t io n  band i s  th o u g h t t o  be th e  *A t r a n s i t i o n  a n a lo g .
The lo w e s t- e n e rg y  a b s o r p t io n  band o f  th e  £ -  iso m e r i s  much more 
i n t e n s e  th a n  th a t  o f  th e  o th e r  two is o m e rs ;  i t  i s  a l s o  s t r u c t u r e l e s s  
i n  e th a n o l  s o l u t i o n s ;  how ever, a w e a k ly - s t r u c tu r e d  edge c h a r a c t e r i s t i c  
i s  o b se rv e d  on th e  lo w -e n e rg y  " t a i l "  o f  t h i s  band i n  3MP s o lu t i o n s  
and i s  shown i n  F ig u re  2 . T h is  lo w -e n e rg y  " t a i l "  c h a r a c t e r i s t i c  
o f  th e  £ -  iso m e r , w h ich  l i e s  a t  ~29400cm i s  a s s ig n e d  a s  th e  a n a lo g  
o f  th e  «- *A t r a n s i t i o n  o f  th e  a ro m a tic  p a r t ;  th e  28000cm * 
bands o f  th e  £ -  and m- d e r i v a t i v e s  a r e  s i m i l a r l y  a s s ig n e d .
The lo w e s t- e n e rg y  a b s o r p t io n  band o f  £ -a m ln o a c e to p h e n o n e  
m ax im izes a t  35090cm * in  3MP a n d , a p a r t  from  th e  " t a l l "  r e g io n  
w h ich  c o n ta in s  b u t  l i t t l e  i n t e n s i t y ,  i s  a s s ig n e d ,  a lm o s t in  t o t o ,
to  th e  «- *A t r a n s i t i o n .  I t  i s  somewhat more d i f f i c u l t  t oa
a s s ig n  th e  *Lg *A t r a n s i t i o n s  o f  th e  o - and m- is o m e rs ;  how ever, 
on th e  b a s i s  o f  c o r r e l a t i o n  a rg u m e n ts , we make a t e n t a t i v e  c h o ic e  
o f  th e  40000cm  ̂ ban d s o f  th e s e  two is o m e rs .  As a r e s u l t ,  i t
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F ig u re  1 A b so rp tio n  s p e c t r a  o f  o - ,  m- and £ -  am in o ace to p h en o n es  
i n  e th a n o l  ( s o l id  l i n e )  and 3 -m e th y lp e n ta n e  (3MP, d ash ed  
l i n e )  a t  room te m p e ra tu re .
X (A ) —
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F ig u re  2 . F lu o re s c e n c e  and a b s o r p t io n  s p e c t r a  o f  £ -a m in o a c e to p h e n o n e . 
The f lu o r e s c e n c e  r e f e r s  to  an  e th a n o l  medium a t  77°K. 
A b so rp t io n  r e f e r s  to  a 3MP medium a t  ~300°K . The m ir r o r  
p la n e  p o s i t i o n  i s  in d i c a te d  by a v e r t i c a l  l i n e .
x 
10
v (cm ’ 1 x I0*3 )
2725 29
FLUORESCENCE
4 0
20
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30
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ABSORPTION
33 27 25
TABLE I .  
ABSORPTION AMD EMISSION DATA8 
(A) l Lb ~  XA TRANSITIONS.
A b so rp tio n E m issio n A b so rp tio n
MOLECULE Maximum Maximum « ( f )max
3HP E th a n o l E th a n o l 3MP E th a n o l
o-A m inoace t  ophenone 28410 27400 22800 4770 (0 .0 8 3 )  4 7 0 0 (0 .0 8 5 )
m-Aminoa ce to p h en o n e 30770 29500 22600 2 0 0 0 (0 .0 3 3 ) 1 8 2 0 (0 .0 4 4 )
]>-Ami n oa ce t  ophenone ~29900 - 28300 1 6 0 (0 .0 0 1 2 )
(B) *L ~  *A TRANSITIONS, a
MOLECULE
A b so rp tio n
Maximum «max( f )
3MP E th a n o l 3MP E th a n o l
o -A m in -ac e t ophenone 39530 38800 5 7 1 0 (0 .0 9 8 ) 5 5 9 0 (0 .0 7 2 )
m-Aminoace t  ophenone- 40820 39000 7 7 1 0 (0 .1 6 ) 6 5 8 0 (0 .1 1 )
£ - Aminoa c e t  ophenone 35090 31500 2 3 2 1 0 (0 .4 2 ) 2 1 0 6 0 (0 .4 4 )
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T A B L E  I .  C o n tinued  
(C) T H E  T H I R D  T R A N S I T I O N ,  S 3 « - Sj^
MOLECULES Maximum
A b so rp t io n
w < £>
3MP E th a n o l 3MP E th a n o l
o-A m inoace t  ophenone 44400 43960 3 0 9 8 0 (0 .6 2 ) 1 7 1 7 0 (0 .2 5 )
m -A m inoacetophenone 44050 43290 2 3 0 3 0 (0 .4 2 ) 2 0 9 2 0 (0 .4 7 )
£ - Aminoace t  ophenone 44640 42920 1 1 1 9 0 (0 .2 1 ) 6 2 2 0 (0 .1 2 )
aA b s o rp tio n  m easurem en ts  w ere made a t  25°C ; e m is s io n  s tu d i e s  w ere made a t  77°K. The e x p e r im e n ta l  
e r r o r  + 50aa“ l j  a l l  e n e r g ie s  a r e  i n  an” l ;  « i s  th e  m o la r  d e c a d lc  a b s o r p t io n  c o e f f i c i e n t  and 
f  i s  th e  o s c i l l a t o r  s t r e n g t h .
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fo llo w s  t h a t  we m ust a s s ig n  th e  44000cm * b an d s  o f  o- and m- 
am in o ace to p h en o n e  and th e  43000cm ^ and 51000cm ^ bands o f  £ -  
am in o ace to p h en o n e  t o  o th e r  t r a n s i t i o n s ,  some o f  w h ich , p re su m a b ly , 
in v o lv e  e x c i t a t i o n  o f  a n - e l e c t r o n  from  an  o r b i t a l  w i th  h ig h  
a m p litu d e  on th e  c a rb o n y l g roup  i n t o  a n  o r b i t a l  w ith  h ig h  a m p litu d e  
on th e  p h en y l g ro u p  ( i . e . ,  t o  a c o n f ig u r a t io n a l  e x c i t a t i o n  o f  ty p e  
D-cp-X «- D-cp-A).
FLUORESCENCE
The o -  and m- am in o ace to p h en o n es  e x h i b i t  a  b ro ad  s t r u c t u r e ­
l e s s  f lu o r e s c e n c e ,  An% =- 4000cm i n  o rg a n ic  g la s s y  m edia a t  77°K . 
T hese f lu o r e s c e n c e s  a r e  shown i n  F ig u re  3 . The h a l f - w id th  o f  th e  
f lu o r e s c e n c e  i s  com parab le  to  t h a t  o f  th e  lo w e s t- e n e rg y  a b s o r p t io n  
band i n  b o th  i n s t a n c e s  and a  m ir ro r- im a g e  symmetry o f  f lu o r e s c e n c e  
and a b s o r p t io n  p ro c e s s e s  o b t a i n s ;  one may su p p o se , th e n ,  t h a t  th e  
f lu o r e s c e n c e  i s  o f  -* ty p e .  T h is  s u p p o s i t io n  a c q u i r e s  v a l i d a ­
t i o n  a s  f o l lo w s :  The i n t r i n s i c  r a d i a t i v e  l i f e t i m e s ,  a s  o b ta in e d
from  f lu o r e s c e n c e  d a t a ,  a r e  20 and 38ns f o r  th e  o -  and m- is o m e rs ,  
r e s p e c t i v e l y ;  th e  same l i f e t i m e s ,  a s  o b ta in e d ^  from  o s c i l l a t o r  
s t r e n g t h  d a ta  f o r  th e  lo w e s t- e n e rg y  b an d , a r e  24 and 3 8 n s , r e s p e c t i v e l y .  
We may c o n c lu d e , i n  v iew  o f  t h i s  a g re e m e n t, t h a t  one e l e c t r o n i c  
t r a n s i t i o n ,  th e  ^1̂  «- *A t r a n s i t i o n ,  can  a c c o u n t f o r  a l l ,  o r  
v i r t u a l l y  a l l ,  o f  th e  i n t e n s i t y  r e s i d e n t  i n  th e  lo w e s t- e n e rg y  
a b s o r p t io n  bands o f  th e  o -  and m- d e r i v a t i v e s .
The f lu o r e s c e n c e  o f  th e  £ -  d e r i v a t i v e  i s  n o t  a m ir ro r - im a g e  
o f  th e  lo w e s t- e n e rg y  a b s o r p t io n  b an d . I t  may, how ever, be  supposed  
to  be th e  in v e r s e  o f  th e  p o o r ly - d e f in e d ,  " t a i l "  a b s o r p t io n  r e g io n
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F ig u re  3 T o ta l  lu m in e sc e n c e  s p e c t r a  o f  o - ,  m- and £ -  am in o a c e to ­
phenones i n  an  e th a n o l  g la s s  a t  77°K. The s p e c t r a  a re  
c o r r e c te d  f o r  a l l  in s t r u m e n ta l  p a ra m e te r s .
RELATIVE INTENSITY —►
ro ro
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p r e v io u s ly  m e n tio n e d . T h is  l a t t e r  c o rre sp o n d e n c e  I s  shown I n  
F ig u re  2 w here I t  I s  s e e n  t h a t  th e  v i b r a t i o n a l  I n t e r v a l s ,  800 and 
1 2 0 0 cm * , w h ich  o c c u r  In  e m is s io n  a r e  a l s o  found I n  th e  " t a l l "  
a b s o r p t io n  r e g io n .  In  a c c o rd  w i th  t h i s  s u p p o s i t io n ,  th e  I n t r i n s i c  
r a d i a t i v e  l i f e t i m e ,  a s  o b ta in e d  from  e m is s io n  d a t a ,  I s  ' '4 8 0 n s ;  
t h a t  o b ta in e d  from  a b s o r p t io n  o s c i l l a t o r  s t r e n g t h  d a t a ^ ,  a ssu m in g  
th e  w hole lo w e s t- e n e rg y  a b s o r p t io n  band to  be th e  In v e r s e  o f  th e  
f lu o r e s c e n c e  p ro c e s s  i s  ~ 4ns-a t)d  I s  much to o  low ; t h a t ,  a ssum ing  th e  
" t a i l "  r e g io n  to  be th e  in v e r s e  o f  th e  f lu o r e s c e n c e  p r o c e s s ,  i s  
1080ns w h ic h , w h ile  v e ry  much l a r g e r ,  i s  o n ly  d e v ia n t  b y  a  f a c t o r  
o f  2 . In  v iew  o f  th e  e x p e r im e n ta l  in d e te rm in a c y  in  m e a su rin g  th e  
a b s o r p t io n  o s c i l l a t o r  s t r e n g t h  o f  th e  " t a l l "  r e g io n ,  we may con­
c lu d e  t h a t  th e  lo w e s t- e n e rg y  a b s o r p t io n  band o f  £ - am in o ace tophenone  
c o n s i s t s  o f  a t  l e a s t  two e l e c t r o n i c  t r a n s i t i o n s  arid t h a t  o n ly  a 
sm a ll p o r t i o n  o f  I t s  t o t a l  o s c i l l a t o r  s t r e n g t h  I s  a t t r i b u t a b l e  to  
th e  «- e x c i t a t i o n .  The b u lk  o f  th e  o s c i l l a t o r  s t r e n g t h  In  
t h i s  band I s  a s s o c ia t e d  w i th  th e  h ig h e r - e n e r g y  «- ^A t r a n s i t i o n .
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PHOSPHORESCENCE
P h o sp h o re sc en ce  s p e c t r a  a r e  shewn I n  F ig u re  3 . The l a r g e  
T^ e n e rg y  o f  th e  o - iso m e r i s  anom alous i n  t h a t  one w ould e x p e c t  i t  
t o  be s im i l a r  t o  t h a t  o f  th e  m -iso m e r. We assum e t h a t  s t e r l c  
crow ding  o f  th e  two c o n tig u o u s  s u b s t i t u e n t s  f o r c e s  one o r  b o th  o f  
them  o u t o f  p l a n a r i t y  and t h a t  i t  i s  t h i s  n o n - c o p la n a r l ty  w h ich  i s  
r e s p o n s ib le  f o r  b o th  th e  h ig h e r  T^ e n e rg y  ano th e  s h o r t e r  T^ l i f e ­
tim e in  th e  o - is o m e r . However, i f  t h i s  i n t e r p r e t a t i o n  be  c o r r e c t ,  
i t  i s  d i f f i c u l t  t o  u n d e rs ta n d  why i t  sh o u ld  n o t  a f f e c t  S^ e n e r g ie s  
a l s o .
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EMISSION LIFETIMES AND QUANTUM YIELDS
A summary o f  e x p e r im e n ta l  d a t a  I s  g iv e n  I n  T ab le  I I .  The
r a t i o  f o r  th e  £ - Isom er I s  '~ 1 0  t im e s  t h a t  o f  e i t h e r  th e  o -  o r  
m- I s o m e rs .  T h is  l a r g e  r a t i o ,  b e in g  I n te r m e d ia te  be tw een  th o s e  o f
2 3 a
th e  w e a k ly -p o la r ,  D-cp-A t r i a d s  * * and t h a t  o f  th e  s t r o n g ly  p o la r  
D-cp-A t r i a d  o f  th e  n l t r o b e n z e n e s ^ ,  w here  ,
I s  p a r t i a l l y  s u b s t a n t l a t l v e  o f  a g e n e r i c  c a u se  ( I . e . ,  d i p o l a r i t y  
e f f e c t s )  f o r  t h i s  phenom enon.
The d a ta  o f  T ab le  I I  a r e  a n a ly s e d  i n  te rm s o f  a  p r e v io u s ly
2
d e f in e d  s e t  o f  r a t e  c o n s ta n t s  , { k ^ k p . k j g ^ k g , ^ } ,  I n  T ab le  I I I  
( s e e  a l s o  A p p en d ix ). The a n a l y s i s  i s  p r e s e n te d  a t  two l i m i t s ,  
kg = 0  o r  k^, h 0 , so  t h a t  c o n c lu s io n s  in d e p e n d e n t o f  th e s e  l i m i t s  
may be in d u c e d .
I t  i s  c l e a r ,  i n  e i t h e r  l i m i t ,  t h a t  a l l  I n te r s y s te m  c r o s s in g  
p ro c e s s e s  a r e  l a r g e r  i n  th e  o - d e r l v a t l v e .  T h is  o b s e r v a t io n  I s  in  
a c c o rd  w i th  o u r  p r e v io u s  c o n c lu s io n  t h a t  t h i s  m o le c u le , th e  m e th y l 
g ro u p  n e g le c te d ,  i s  n o t  p l a n a r .  I t  i s  a l s o  c l e a r ,  I n  e i t h e r  l i m i t ,  
t h a t  th e  s o le  c a u se  o f  th e  l a r g e  $p /$ p  r a t i o  I n  th e  £ - Isom er I s  th e  
sm a ll r a d i a t i v e  r a t e  c o n s ta n t  f o r  f lu o r e s c e n c e  o f  t h i s  m o le c u le , 
k p , and th e  co n se q u e n t a b i l i t y  o f  th e  I n te r s y s te m  c r o s s in g  p ro c e s s  
Sj~*T^ to  com pete w ith  f lu o r e s c e n c e .
CONCENTRATION DEPENDENCE QF QUANTUM YIELDS
The quantum  y i e l d s  o f  a l l  t h r e e  iso m e rs  a r e  c o n c e n t r a t io n  
d e p e n d e n t,  d e c r e a s in g  w ith  I n c r e a s in g  s o lu t e  m o l a r i t y .  D e ta i l s  o f  
t h i s  c o n c e n t r a t io n  depen d en ce  a r e  shewn in  T ab le  IV. S im i la r  e f f e c t s
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TABLE II.
LIFETIME ( t) AND QUANTUM YIELD ( ? )  DATA 
FOR AMTNQACETOPHENONEa
COMPOUND Tp(ns) Tp ( s ) *F #P * p /*F
o-A m inoacet ophenone 1 1 .7 0 .0 5 6 0 .5 8 0 .0 7 9 0 .1 4
m-Aminoa c e t  ophenone 3 2 .0 0 .2 3 0 .8 2 0 . 1 1 0 .1 3
£ - Aminoa c e t  ophenone ~ 53b 0 .7 2 0 . 1 1 0 .1 4 1 .3
3 OD eterm ined  I n  e t h a n o l  g l a s s  a t  77 K. The s u b s c r i p t  P and F r e f e r  
t o  p h o s p h o re s c e n c e  and f l u o r e s c e n c e ,  r e s p e c t i v e l y .
bT h is  d a t a  may be i n  e r r o r  by a f a c t o r  o f  2 b e c a u s e  o f  e x p e r i m e n t a l  
d i f f i c u l t i e s  ( s e e  t e x t ) .
TABLE III.
RATE CONSTANTS FOR EXCITED STATES 
DEPLETION3
(A) THE LIMIT k  = 0 
2)
COMPOUND T °(ns) Tp ( s ) Of V Tp ( s ) V 8' 1) kpCs” 1) ktsc(*'l>
o-Aminoace t  ophenone 20 0 .0 5 6 0 .2 9 5 .0 x l 0 7 3 .5 3 .7 x l0 7 15
m-Aminoa c e t  ophenone 39 0 .2 3 0 .3 9 2 . 6x l 0 7 2 . 6 5 .6 x l0 6 1 .7
£ -Aminoa ce t  ophenone ~480 0 .7 2 4 .5 2 . 1x l 0 6 0 . 2 2 1 . 8x l 0 7 1 . 2
(B) THE LIMIT kT = 0
COMPOUND T °(n s ) Tp ( s ) Tp(8) WpCs"1) kpCs’ 1) kisc(“' l> k ^ s " 1)
o-A m inoacetophenone 20 0 .0 5 6 0 .0 5 6 5 . 0x l 0 7 1 7 .9 7x l 0 6 2 . 9 x l 0 7
m-Aminoacetophenone 39 0 .2 3 0 .2 3 2 .6 x I0 7 4 .3 3 .4 x l0 6 2 . 3 x l 0 6
j>- Aminoace t  ophenone ~480 0 .7 2 0 .7 2 2 . 1x l 0 6 1 .4 2 . 7x l 0 6 1 . 4 x l 0 7
aThe quantities t °  and t° are defined as t° h ^  ; t °  = Vk_.i  r  F p r  r
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TABLE IV
CONCENTRATION DEPENDENCE OF EMISSION QUANTUM YIELD 
FOR AMINQACETOPHENONE*
COMPOUND CONCENTRATION
(M/L) *F *P
i  / i  P F
o-Aminoa c e t  ophenone 2 . 07&C10"4 0 . 2 0 0 .0 2 8 0 .1 4
2 .0 7 8 x 1 0 " 5 0 .3 0 0 .0 3 3 0 . 1 1
6 .2 3 4 x l0 " 6 0 .3 3 0 .0 3 2 0 .0 9 9
2 .4 9 4 x l0 " 6 0 .3 8 0 .0 5 3 0 .1 4
9 .9 7 4 x 1 0 " 7 0 .5 8 0 .0 7 9 0 .1 4
m -A m inoacetophenone 1 . 888x 10"4 0 .3 6 0 .0 3 5 0 .097
2.6A3xlO" 5 0 .4 0 0 .0 5 0 0 .1 3
5 .6 6 4 x 1 0 "6 0 .5 1 0 .089 0 .1 7
2 .2 6 6 x l0 “ 6 0 .5 3 0 .0 7 4 0 .1 4
9 .0 6 2 x l0 ~ 7 0 .8 2 0 . 1 1 0 .1 3
£ - Aminoa c e t  ophenone 4 . 3 1 1 x l 0 '4 0 .0 5 4 0 .0 2 4 0 .4 4
6 .0 3 5 x l0 " 5 0 .0 7 9 0 .0 2 8 0 .3 5
1 .2 9 3 x l0 " 5 0 .0 9 4 0 .0 4 9 0 .5 2
5 . 173x l0~ 6 0 . 1 1 0 .0 6 6 0 .6 0
2 .0 6 9 x l0 ’ 6 0 . 1 1 0 .1 4 1 .2 7
^D eterm ined  i n  e t h a n o l  g l a s s  a t  77°K. The s u b s c r i p t s  P and F r e f e r  t o  
p h o s p h o re s c e n c e  and f l u o r e s c e n c e ,  r e s p e c t i v e l y .
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have  been  o b s e rv e d  p r e v i o u s l y  f o r  th e  c y a n o a n l l l n e s  w here th e y  were 
a t t r i b u t e d  t o  s o l u t e - s o l u t e  a g g r e g a t io n  e f f e c t s  w h ich  o c c u r  upon 
g l a s s i f i c a t i o n  o f  t h e  more c o n c e n t r a t e d  s o l u t i o n s .  However, I n  t h e  
c a s e  o f  t h e  c y a n o a n l l l n e s ,  t h e  c o n c e n t r a t i o n  dependence  e x h i b i t e d  
two p l a t e a u s ,  one a t  h ig h  c o n c e n t r a t i o n s  s p e c i f i c  t o  a g g r e g r a t e s  
( o r  m i c r o c r y s t a l l i t e s )  and one a t  low c o n c e n t r a t i o n s  s p e c i f i c  t o  
an  i s o l a t e d  m o le c u le  s y s te m .  No su c h  b e h a v i o r  I s  o b s e rv e d  i n  t h e  
a m in o a c e to p h e n o n e s ,  i n d i c a t i n g  t h a t  t h e s e  g l a s s  sy s tem s  m ust c o n t a i n  
a w ide  v a r i e t y  o f  a g g r e g a te  ty p e s  ( I . e . ,  d im e r s ,  t r i m e r s ,  . . . * . . ,  e t c .  
w h ich ,  f o r  e a c h  s t o i c h i o m e t r y ,  may b e  o f  q u i t e  v a r i a b l e  g e o m e tr ic  
n a t u r e ) , some o f  w h ich  p e r s i s t  ev en  a t  c o n c e n t r a t i o n s  l e s s  th a n  
10 ^M. As a  r e s u l t ,  one c a n n o t ,  w i t h  any  a s s u r a n c e ,  d e te rm in e  th e  
c o n c e n t r a t i o n  r a n g e  c h a r a c t e r i s t i c  o f  t h e  monomer. I n  v iew  o f  t h i s ,  
t h e  d a t a  r e p o r t e d  i n  T a b le  I I  and a n a ly s e d  i n  T ab le  I I I  a r e  f o r  th e  
lo w e s t  c o n c e n t r a t i o n s  f o r  w h ich  m easurem en ts  o f  r e a s o n a b l e  a c c u r a c y  
w ere  p o s s i b l e ;  t h e s e  a r e  t h e  lo w e s t  c o n c e n t r a t i o n s  l i s t e d  i n  T ab le  IV.
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CONCLUSIONS 
The r e s u l t s  o f  t h i s  work a r e :
( I )  The f l u o r e s c e n c e  o f  e a c h  Isom er i s  o f  *1^  “• *A n a t u r e .
The lo w e s t - e n e r g y  a b s o r p t i o n  band o f  th e  o -  and m- I s o m e rs  c o n s i s t s
o f  one dom inan t e x c i t a t i o n  e v e n t  o f  «- *A n a t u r e .  The lo w e s t
e n e rg y  a b s o r p t i o n  band o f  t h e  £ -  Isom er I s  c o m p o s i te ;  t h e  dom inan t
i n t e n s i t y  component o f  t h i s  band I s  t h e  «- *A t r a n s i t i o n  w i t h  t h ea
v e r y  weak <- component b e in g  o f  lo w e s t  e n e rg y ,  
b
( I I )  The c o m p a r a t iv e ly  lo n g  r a d i a t i v e  l i f e t i m e  o f  th e  £ -
Iso m er  i s  a r e s u l t  o f  i n t r i n s i c  f o r b id d e n n e s s  o f  th e  *1̂  **
e x c i t a t i o n  and i s  r e s p o n s i b l e  f o r  t h e  l a r g e  $p /$p  r a t i o  o b se rv ed  
i n  t h i s  I so m e r .
( H i )  The c o m p a r a t iv e ly  h ig h  e n e rg y  and low r a d i a t i v e  
l i f e t i m e  o f  t h e  T^ s t a t e  o f  t h e  o -  iso m e r  i s  a consequence  o f  
s t e r i c a l l y  in d u c e d  n o n - p l a n a r i t y  o f  r i n g  and s u b s t i t u e n t  s y s te m s .
( i v )  The a s s ig n m e n t  o f  t h e  *L «- ^A t r a n s i t i o n  i s  q u i t efl
t e n t a t i v e  and i s  b ased  on c o r r e l a t i o n s  w hich  w i l l  be d i s c u s s e d  
e l s e w h e r e .
(v )  The e x c i t a t i o n  n a t u r e  o f  t h e  I n t e n s e  44000cm"* bands 
o f  t h e  o -  and m- d e r i v a t i v e s  and th e  m o d e ra te ly  i n t e n s e  43000 cm- * 
band o f  £ -  am in o ace to p h en o n e  i s  n o t  known t o  u s .
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CHAPTER VI.
ELECTRONIC SPECTROSCOPY OF HIGHLY-POLAR AROMATICS. 
EXCITED STATE CHARACTERISTICS OF D-cp-A MOLECULES
INTRODUCTION
The c l a s s  o f  o r g n i c  m o le c u le s  D-cp-A, w here D I s  an  e l e c t r o n  
d o n o r  s u b t i t u e n t ,  cp I s  a d i s u b s t i t u t e d  benzene  r i n g  and A i s  an e l e c t r o n  
a c c e p t o r  s u b s t i t u e n t ,  c o n s t i t u t e  an im p o r ta n t  c l a s s  o f  h i g h l y - p o l a r  
a r o m a t i c  m o le c u le s .  We have i n v e s t i g a t e d  f i v e  d i f f e r e n t  s e t s  o f
l£"» 3 “ > £ ” }* d e r i v a t i v e s  o f  t h i s  c l a s s  i n  some d e t a i l :  N i t r o a n i l i n e s ^ ,
2 3 4c y a n o a n i s o l e s  , f l u o r o b e n z o n i t r i l e s  , c y a n o a n i l i n e s  and am ino-
a c e to p h e n o n e s ^ .  In  a d d i t i o n ,  we have g e n e r a te d  p a r t i a l  a b s o r p t i o n
and lu m in e sc e n c e  d a t a  f o r  sev en  o t h e r  i s o m e r ic  t r i a d s .
The p u rp o s e  o f  t h i s  e f f o r t  i s  t o  summarize a l l  t h e s e  d a t a ,
t o  a t t e m p t  t o  c o r r e l a t e  them, and to  e l i c i t  t h o s e  t r e n d s  i n  p h y s i c a l
b e h a v io r  o f  t h e  e x c i t e d  e l e c t r o n i c  s t a t e s  w h ich  p a r a l l e l  i n c r e a s i n g
ground s t a t e  p o l a r i t y  ( i . e . ,  i n c r e a s i n g  dono r  s t r e n g t h  o f  D and
d e c r e a s i n g  a c c e p t o r  s t r e n g t h  o f  A ).
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RESULTS AND DISCUSSION
QUANTUM YIELDS OF LUMINESCENCE
As an  exam ple o f  lu m in escen c e  s p e c t r a ,  th o s e  o f  th e  t h r e e  
i s o m e r i c  f l u o r o b e n z o n i t r i l e s  and th e  t h r e e  i s o m e r ic  c y a n o a n i l i n e s  a r e  
shown i n  F ig u r e s  1 and 2 , r e s p e c t i v e l y .  I t  i s  o b s e rv e d ,  in  b o th  
i n s t a n c e s ,  t h a t  th e  two lu m in e sc e n c e s  ( f l u o r e s c e n c e  and phospho­
r e s c e n c e )  l i e  a t  h ig h e r  e n e r g i e s  i n  th e  £ -  iso m e rs  th a n  i n  th e  o- o r  
m- iso m e rs  and t h a t  th e  quantum y i e l d  r a t i o  o f  p h o sp h o re sc e n c e  to  
f l u o r e s c e n c e ,  $ p /$ p ,  i s  h i g h e s t  i n  th e  £ -  d e r i v a t i v e s .  A l i s t i n g  of 
s i m i l a r  d a t a  f o r  a t o t a l  o f  tw e lv e  D-9-A t r i a d s  o f  { o - ,  m-, £ “ , } “ 
is o m e rs  i s  g iv e n  in  T ab le  I .  T h is  l i s t i n g ,  w i t h  one e x c e p t i o n , ^
c o n f i rm s  t h a t  $ „ /$  i s  a lw ays  h ig h e s t  i n  th e  £ -  d e r i v a t i v e s ,  r  r
The d a t a  o f  T a b le  I  a r e  a r r a n g e d  i n  d e c r e a s i n g  o r d e r  o f  
f l u o r e s c e n c e  and p h o s p h o re s c e n c e  e n e r g i e s .  T h is  o r d e r  i s  more o r  l e a s  
s i m i l a r  t o  t h a t  w h ich  would be e x p e c te d ^ o n  th e  b a s i s  o f  i n c r e a s i n g  
d o n o r  s t r e n g t h  o f  D and i n c r e a s i n g  a c c e p t o r  s t r e n g t h  o f  A. In  o t h e r  
w o rd s ,  t h e  more e f f e c t i v e  d o n o r - a c c e p to r  s u b s t i t u e n t  c o m b in a t io n s  
te n d  t o  l i e  tc w a rd s  th e  b o t to m  o f  th e  t a b l e .
The d a t a  o f  T a b le  I  s u b s t a n t i a t e  t h e  d e d u c t io n  made by i n ­
s p e c t i o n  o f  F ig u r e s  1 and 2 :  The £ -  i s o m e r s ,  from th e  m e th y lb e n z o ic
a c i d s  on down, a lw ay s  e x h i b i t  th e  h i g h e s t  f l u o r e s c e n c e  e n e r g y  o f  a 
g iv e n  t r i a d .  The s u p p o s i t i o n  t h a t  th e  £ - i s o m e r  s h o u ld  behave  i n  t h i s  
manner i s  b a sed  on th e  g e n e r a l  r u n  o f  a b s o r p t i o n  s p e c t r o s c o p i c  d a t a  
f o r  D-cp-A s y s te m s ,  w here  D and A a r e  r e s o n a b ly  good do n o r  and 
a c c e p t o r  s u b s t i t u e n t s ,  r e s p e c t i v e l y .  An exam ple  o f  such  a b s o r p t i o n
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F ig u r e  1. T o t a l  lum im escence s p e c t r a  ( a t  77°K i n  an  e t h a n o l i c '  g l a s s ,  
c o r r e c t e d  f o r  i n s t r u m e n t a l  p a r a m e te r s )  o f  th e  t h r e e  
i s o m e r i c  f l u o r o b e n z o n i t r i l e s .  These s p e c t r a  t y p i f y  a "weak" 
DA sy s te m :  R e l a t i v e  t o  t h e  s t r o n g  a c c e p t o r  n a t u r e  o f  th e  
-C ^ N g ro u p ,  t h e  f l u o r o  group  f u n c t i o n s ,  a t  b e s t ,  a s  a 
v e r y  "weak" dono r  e n t i t y .
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F ig u r e  2 T o t a l  lu m in escen ce  s p e c t r a  ( a t  77°K I n  an  e t h a n o l  g l a s s ,  
c o r r e c t e d  f o r  I n s t r u m e n t a l  p a r a m e te r s )  o f  t h e  t h r e e  I s o m e r ic  
c y a n o a n i l i n e s .  These s p e c t r a  t y p i f y  a ' ' s t r o n g "  DA sy s tem .
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TABLE I .
LUMINESCENCE DATA FOR D -  cp -  A MOLECULESa »b *C,d
COMPOUND
SOLVENT
FLUORESCENCE PHOSPHORESCENCE
* / $  V  iNAME ISOMER ENERGY(cnf 1) ENERGY(cm- 1 ) LIFETIME(sec)
M eth y lb en zo ic  Acid £ EPA ----- 27780 1 . 2 > 1 0 0
m EPA ----- 29710 2 .7 >1 00
£ EPA ----- 30300 1 .7 >1 00
F l u o r o b e n z o n i t r i l e o E th a n o l 35340 26800 2 .4 3 0 .1 8
m E th a n o l 34970 26600 2 .6 0 0 .1 5
£ E th a n o l 35710 27100 2 .0 5 0 .9 6
Toluaraide o EPA 35590 27690 0 .6 5 5 .3
m EPA 34360 26870 2 .5 5 6 . 6
£ EPA 35080 27010 1 .2 5 > 1 0 0
C h o lo r o b e n z o n i t r i l e o EPA 34250 25970 0 .3 8 1 0 . 6
m EPA 34480 26320 0 .47 18.7
£ EPA 34250 25840 0 .1 5 1 6 .8
B ro m o b e n z o n i t r i le £ EPA 34840(d ) 25970 1 .2 5 x l0 ‘ 2
m EPA 34970(m) 26320 1 .0 5 x l0 -2
£ EPA 34720(d ) 25770 4 .9 x 1 0 " 3
TABLE I.
(Continued)
________ COMPOUNT____________
NAME ISOMER
M ethoxybenzo ic  Acid o
m
£
C y a n o a n is o le  o
m
£
Cyanophenol o
m
£
Sul fan i lam ide  m
£
C y a n o a n i l in e  o
m
£
FLUORESCENCE 
SOLVENT ENERGY(cra“ l )
EPA 31250
EPA 31250
EPA 33900
ETOH 33200
ETOH 33000
ETOH ~35000
33900(m)
EPA 32050
EPA 32260
EPA 33900
EPA 28290(m)
EPA 31500
ETOH 277 80 (m)
ETOH 27400(m)
ETOH 32150
PHOSPHORESCENCE
ENERGY(cm-l) LIFETIME ( s e c )  ____________________________________ r  r
25640 0 .9 6 3 .9
26320 2 . 6 8 1 .7
26460 2 .0 3 6 . 2
26000 1 .4 0 .4 2
25000 1 .82 0 .4 5
26320 1 .59 1 . 0 1
26320 2 .4 8 1.31
25320 3.21 0 .7 9
26320 2 .6 3 1.51
22320(m) 1 .92 1 .04
25640 1 . 2 2 5 .16
24300(m) 3 .6 5 0 .31
21510(m) 2 .6 5 0 .0 5 4
24500 2 .4 5 0 .7 3
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TABLE I.
(Continued)
____________COMPOUND__________
NAME ISOMER SOLVENT
N ,N -D im e th y lc y a n o a n il in e
£  EPA
N ,N -D ie th y lc y a n o a n i I in
£  ETOH
M ethyl A m inobenzoate  £  EPA
m EPA
£  EPA
A m inobenzoic A d d  £  EPA
N -M ethy lam inobenzo ic  Acid
£  EPA
N ,N -D lm ethy lam inobenzoic  A d d
£  EPA
A m lnoacetophenone o ETOH
m ETOH
£  ETOH
FLUORESCENCE 
ENERGY(cm"1)
30770
30488
27000(m) 
25500(m) 
30303(m) 
31060
29630 On)
29590(m) 
232 60(m) 
22830(m) 
28490(m)
PHOSPHORESCENCE 
ENERGY (c m '1) LIFETIME(aec)
24100 2 .1 3  1 .2
24100 2 5 .3
22570(m) 2 .4 5  < 0 .01
23980(m) 2 .4  0 .1 5
24380 1 .8  0 .2 0
24040 2 .1  0 .1 5
23530 2 .3  0 .1 3
23810(m) 1 .8 4  0 .1 8
22000(m) 5 .5 5 x l0 “ 2 0 .1 4
20000(m) 0 .2 3  0 .1 3
22520(m) 0 .7 2  1 .3
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TABLE I.
(Continued)
COMPOUND FLUORESCENCE PHOSPHORESCENCE
NAME ISOMER SOLVENT ENERGY (cm” 1) ENERGY(cm_1) LIFETIME (S ec) V * F
N i t r o a n i l i n e £ EPA 2 0 0 0 0 (m) ----- ---- <0 . 0 1
m EPA 18000(m) ----- ----- <0 . 0 1
£ EPA 18100(m) 0 .2 4 x o o
N - M e th y ln i t r o a n i l i n e  £  
N ,N - D im e th y ln i t r o a n i l in e
EPA 23260 19610 0 .2 3 1 9 .3
£ EPA 22730 19230 0 . 2 2 2 . 8
d oA l l  e n e r g i e s  r e f e r  t o  77 K. Quoted e n e r g i e s  a r e  f o r  0 ,0  bands e x c e p t  w here marked by "(m )"  w hich
c o n n o te s  a band maximum. The e x p e r im e n ta l  e r r o r  i s  a p p ro x im a te ly  -50cm” 1 . The r a t i o  o f  ph o sp h o r­
e s c e n c e  t o  f l u o r e s c e n c e  i n t e n s i t i e s  i s  d en o te d  i  Ji  and h a s  been  c o r r e c t e d  f o r  in s t r u m e n t  p a ra m e te r s .
P F
The a b sen ce  o f  any symbolism i n  a g iv e n  d a t a  s l o t  i n d i c a t e s  t h a t  t h e  q u a n t i t y  i n  q u e s t i o n  was n o t
m e asu re d .  The sym bol"  " i n  a g iv e n  d a t a  s l o t  i n d i c a t e s  our i n a b i l i t y  t o  m easure th e  q u a n t i t y  i n
q u e s t i o n .
TABLE 1 .
(C o n tin u e d )
F o o tn o te s
b
Compounds w ere p u r i f i e d  by s ta n d a rd  m ethods ( d i s t i l l a t i o n ,  c r y s t a l l i z a t i o n ,  gas ch rom atography ,
v o l a t i l i z a t i o n  a n d /o r  zone r e f i n i n g )  u n t i l  a c o n s ta n c y  o f  lu m in escen c e  p a ra m e te r s  was a c h ie v e d .
A l l  s o l v e n t s  w ere " f l u o r i m e t r i c  g ra d e "  and w ere n o n -e m is s iv e  a t  th e  l e v e l  o f  s e n s i t i v i t y  needed
2
i n  t h i s  w ork . M easurement p ro c e d u re s  have been  d e s c r ib e d  e ls e w h e re  .
S /e  make no e f f o r t  t o  d i s c u s s  th e  and e n e r g i e s  l i s t e d  i n  t h i s  t a b l e .  Any such  d i s c u s s i o n  
would be v e r y  c o m p lic a te d  a n d ,  p r o b a b ly ,  n o t  to o  in f o r m a t i v e .  In  any e v e n t ,  m esom eric ,  i n d u c t i v e  
and s t e r i c  e f f e c t s  a r e  u n d o u b te d ly  o p e r a t i v e  t o  some e x t e n t  i n  a l l  o f  t h e s e  s y s te m s .  I t  seems 
r e a s o n a b l e  t h a t  th e  r e l a t i v e  im p o r ta n c e  o f  th e s e  e f f e c t s  i n  th e  d i f f e r e n t  i so m e rs  v a r i e s  as  
f o l l o w s :
o - :  s t e r i c ;  i n d u c t i v e  m esom eric
m - ; i n d u c t i v e  o n ly  
£ -  : m esom eric  ^  i n d u c t i v e  
The e n e r g i e s  o f  S^and T^ s t a t e s  w i l l  depend on t h a t  p a r t i c u l a r  mix o f  th e s e  e f f e c t s  w hich  o p e ra te s  
i n  th e  g iv e n  s t a t e  o f  a g iv e n  m o le c u le .  F o r  exam ple ,  i n  th e  c h l o r o -  and b r o m o b e n z o n l t r l l e s ,  th e  
m -isom er i s  o f  h i g h e s t  T^and S ^energy ,  p re su m ab ly  b e ca u se  o n ly  th e  i n d u c t i v e  e f f e c t  o p e r a t e s  i n
TABLE I.
(Continued)
F o o tn o te s
t h i s  iso m e r .  I n  a " s t r o n g e r ” DA sy s tem , w here th e  £ - d e r i v a t i v e  p o s s e s s e s  th e  h ig h e s t  
T^and S ^ e n e r g le s ,  we m u s t ,  i t  seem s, a s s o c i a t e  t h i s  h a p p e n s ta n c e  w i th  a dom inant im p o rtan ce  
o f  th e  mesom eric e f f e c t  i n  t h e s e  c a s e s .
^Some o f  th e  d a t a  i n  t h i s  t a b l e  a r e  t a k e n  from Donald B. L arson  [Ph .D . D i s s e r t a t i o n ,  The 
L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1972].
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s p e c t r a  i s  g iv e n  i n  F ig u re  3 f o r  th e  c y a n o a n i l i n e s  w h e re in  th e  
g e n e r a l  c h a r a c t e r i s t i c s  o f  th e  a b s o r p t i o n  s p e c t r a  o f  (£ ,  m, £ } -  
t r i a d s  i s  e x e m p l i f i e d :  The a b s o r p t i o n  s p e c t r a  o f  th e  o- and m-
d e r i v a t i v e s  a r e  s i m i l a r  and c h a r a c t e r i z e d  by  a r e l a t i v e l y  w eak- 
i n t e n s i t y  lo w -e n e rg y  band w hereas  th e  lo w e s t - e n e r g y  a b s o r p t i o n  band 
o f  th e  £ - d e r i v a t i v e  a lw ays  l i e s  a t  s u b s t a n t i a l l y  h ig h e r  e n e r g i e s  
and i s  c o n s i d e r a b l y  more i n t e n s e .  T hus , th e  h ig h e r  e n e rg y  o f  th e  
Tj -» Sq and -* Sq p r o c e s s e s  o f  t h e  £ - d e r i v a t i v e s  i s  o n ly  t o  be 
e x p e c te d .
On th e  o t h e r  h an d ,  t h e  f a c t  t h a t  th e  r a t i o  i s
J r  r
l a r g e s t  i n  th e  £ - d e r i v a t i v e  i s  now a l l  th e  more p e c u l i a r .  G iven  
th e  r e l a t i v e  o s c i l l a t o r  s t r e n g t h s  o f  th e  l o w e s t - e n e r g y  a b s o r p t i o n  
bands  o f  th e  c y a n o a n i l i n e s ,  f o r  exam ple ,  i t  f o l l o w s  t h a t  th e  c r o s s -  
s e c t i o n  o f  th e  -* SQ f lu o r e s c e n c e  p r o c e s s  o f  £ - c y a n o a n i l i n e  
sh o u ld  be f i v e  t o  t e n  t im e s  l a r g e r  t h a n  t h a t  i n  e i t h e r  th e  £ -  o r  
m - d e r i v a t i v e s .
T hus , we m ig h t e x p e c t  t h e  $p / $ F r a t i o  t o  d e c r e a s e  i n  th e  
£ - i s o m e r s .  S in ce  th e  o p p o s i t e  i s  th e  c a s e ,  we must co n c lu d e  one o f  
two t h i n g s :  E i t h e r  th e  c r o s s - s e c t i o n  o f  t h e  n o n - r a d i a t l v e  ch a n n e l
e x p e r i e n c e s  a l a r g e r  i n c r e a s e  th a n  t h a t  o f  th e  -* Sq r a d i a t i v e  
ch an n e l  i n  t h e  £ - i s o m e r  - -  a s u p p o s i t i o n  w hich  im p l i e s  a t  l e a s t  a 
t e n - f o l d  in c re m e n t  o f  s p i n - o r b i t a l  c o u p l in g  i n  th e  £ - i s o m e r  - -  o r  th e  
lo w e s t - e n e r g y  a b s o r p t i o n  band o f  th e  £ - d e r i v a t i v e  i s  c o m p o s i te  and 
em braces  n o t  one , b u t  a number o f  a b s o r p t i v e  e x c i t a t i o n s .
Figure 3 A b s o r p t io n  s p e c t r a  
t h e  t h r e e  i s o m e r i c
( a t  298°k  i n  an  e t h a n o l  s o l v e n t )  
c y a n o a n i l i n e s .
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2-5Our p r i o r  i n v e s t i g a t i o n s  show c l e a r l y  t h a t  t h e  lo w e s t -
e n e rg y  a b s o r p t i o n  band o f  th e  £ -  d e r i v a t i v e s  i s  a lw ays  c o m p o s i te  and
c o n s i s t s  o f  a t  l e a s t  two d i s t i n c t  ^tt*  «- *tt t r a n s i t i o n s .  Of t h e s e ,
th e  more i n t e n s e  i s  th e  «- ^A t r a n s i t i o n ; ^  t h i s  t r a n s i t i o n  e x -a
h i b i t s  a l a r g e  ch a rg e  t r a n s f e r  c h a r a c t e r  and u n d e rg o es  d r a s t i c  e n e rg y  
d e c r e a s e  and I n t e n s i t y  d e c r e a s e  a s  t h e  r e l a t i v e  d o n o r / a c c e p t o r  n a t u r e  
o f  th e  D/A s u b s t i t u e n t s  i n c r e a s e s .  The second  component o f  t h e  l c w e s t -  
e n e rg y  a b s o r p t i o n  band o f  th e  £ -  d e r i v a t i v e s  i s  t h e  *1^  «- *A t r a n s i ­
t i o n .  T h is  t r a n s i t i o n  i s  a lw ays  o f  low er e n e rg y  th a n  th e  «- ^Aa
t r a n s i t i o n ;  i t  does  c o n t a i n  some c h a rg e  t r a n s f e r  c h a r a c t e r  and w h i l e  
i t s  e n e rg y  does  d e c r e a s e  w i t h  I n c r e a s i n g  d o n o r / a c c e p to r  c h a r a c t e r  o f  
th e  D/A s u b s t i t u e n t  p a i r ,  i n  much th e  same way a s  does  t h a t  o f  th e  
*- ^A t r a n s i t i o n ,  th e  d e c r e a s e  i s  much l e s s  d r a s t i c .  Hence, t h e  
i n t e r v a l  t e n d s  t o  d e c r e a s e  w i t h  i n c r e a s i n g  d o n o r / a c c e p to r  
D/A n a t u r e .  In  a d d i t i o n ,  t h e  o s c i l l a t o r  s t r e n g t h  o f  t h e  <- *A 
t r a n s i t i o n  te n d s  t o  d e c r e a s e  i n  t h e  same o r d e r .
The d i s c u s s i o n  o f  th e  p r e v io u s  p a r a g ra p h  i s  e x e m p l i f i e d  by 
th e  d a t a  o f  T a b le  I I .  On th e  b a s i s  o f  t h e s e  d a t a ,  one must c o n c lu d e  
t h a t  t h e  p r im a ry  r e a s o n  f o r  th e  l a r g e  $p /$p  r a t i o  i n  th e  £ - i s o m e r  o f  
a g iv e n  t r i a d  i s  t h e  lew c r o s s - s e c t i o n  o f  t h e  r a d i a t i v e  Sj — Sq e v e n t  
i n  t h a t  i s o m e r .  F i n a l l y ,  i t  i s  a l s o  c l e a r  t h a t  t h e  -• Sq c r o s s -  
s e c t i o n  te n d s  t o  d e c r e a s e  a s  th e  d o n o r / a c c e p t o r  e f f i c i e n c y  o f  th e  D/A 
p a i r  i n c r e a s e s .  As a r e s u l t ,  th e  r a t i o  $p/ $ 7 sh o u ld  te n d  t o  be l a r g e r  
i n  t h e  more p o l a r  e n t i t i e s ,  w h ich ,  o f  c o u r s e ,  i t  i s .
In  summary, t h e  $p /$p  r a t i o  i s  l a r g e s t  i n  t h e  £ -  d e r i v a t i v e s  
s im p ly  b e c a u s e  i s  s m a l l  o r ,  a l t e r n a t i v e l y ,  b e c a u se  I n t e r s y s t e m  
c r o s s i n g  *T^ can compete most e f f i c i e n t l y  w i th  -• Sq f lu o r e s c e n c e  
i n  t h i s  i s o m e r .
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TABLE II.
LUMINESCENCE AND ABSORPTION DATA FOR SOME
.aD-cp-A COMPOUNDS
MOLECULE
ob
tf
(n s )
»F
oc
TP
(®)
*P E< \ )d
(cm- 1 )
E ( \ ) d
(cm” *)
o - F l u o r o b e n z o n i t r i l e 50 0 .5 1 1 3 .0 0 .0 9 3 44640+50 36430+50
m - F lu o r o b e n z o n i t r i l e 46 0 .5 4 1 4 .8 0 .0 8 2 44640+50 36500+50
£ - F l u o r o b e n z o n i t r i l e 141 0 .2 4 6 .5 0 .2 3 44440+50 37950+50
o -C y a n o a n is o le 19 0 .2 6 9 .3 0 . 1 1 42920+50 33900+50
m -C y a n o an iso le 23 0 . 2 1 1 5 .0 0 .0 9 4 43480*50 33600*50
£ -C y a n o a n i s o le 32 0 . 2 2 5 .6 0 .2 4 40150+50 36770+100
o - C y a n o a n i l in e 22 0 .3 1 2 6 .3 0 .0 9 6 40400+50 30770+50
m -C y a n o a n i l in e 15 0 .8 7 7 .3 0 .047 39220^50 31250+50
£ - C y a n o a n i l in e 33 0 .1 5 1 9 .0 0 . 1 1 36190+50 33700+200
o-Aminoa ce t  ophenone 20 0 .5 8 0 .2 9 0 .0 7 9 38840+50 27400+50
m-Aminoa ce to p h en o n e 39 0 .8 2 0 .3 9 0 . 1 1 39220+50 29850^50
£ - Aminoa c e t  ophenone ~480 0 . 1 1 4 .5 0 .1 4 31500+50 28650+200
d oE m iss io n  d a t a  r e f e r  t o  g l a s s y  e t h a n o l  s o l u t i o n s  a t  77 K; a b s o r p t i o n
d a t a  r e f e r  t o  e t h a n o l  s o l u t i o n s  a t  298 K.
b o
t i s  d e te rm in e d  from th e  e m is s io n  d a t a ,  r
'O b ta in e d  a ssum ing  t h a t  t h e  o n ly  d e p l e t i v e  S^ e v e n t s  a r e  f lu o r e s c e n c e
S^ -* Sq and i n t e r  sy s tem  c r o s s i n g  S j ’*'s"*T^.
E n e rg ie s  o f  band maxima.
I t  has  been  o b se rv ed  t h a t  th e  *La - * ^  band gap te n d s  to  
d e c r e a s e  a s  th e  p o l a r i t y  o f  th e  D-cp-A m o le c u le  i n c r e a s e s .  T h is  o b s e r ­
v a t i o n  h as  been  r a t i o n a l i z e d  i n  te rm s  o f  th e  g r e a t e r  ch arge  t r a n s f e r  
c h a r a c t e r  r e s i d e n t  i n  th e  *La s t a t e  th a n  i n  th e  s t a t e .  We have 
a t te m p te d  a p l o t  o f  th e  *La band gap v e r s u s  Hammett a  v a lu e s* -*-
f o r  th e  £ -  d e r i v a t i v e s  and do f i n d ,  a p a r t  from a few e x c e p t i o n s ,  t h a t  
a s t r o n g  c o r r e l a t i o n  e x i s t s  be tw een  th e  d e g re e  o f  p o l a r i t y ,  a s  d e f in e d  
by th e  a - p a r a m e t r i z a t i o n ,  and th e  *Lg- *L^ band gap .  Such a p l o t  i s  
shown i n  F ig u re  4.
I t  seems t o  u s ,  how ever,  t h a t  th e  ct p a r a m e te r s  a r e  not 
p a r t i c u l a r l y  p e r t i n e n t  t o  our r e s u l t s .  These p a r a m e te r s  r e f e r  to  
ground s t a t e  a f f a i r s  w hereas  our i n t e r e s t s  l i e  w i th  e x c i t e d  s t a t e s .  
Hence, we p ro p o se  t o  use  th e  band gap a s  an o r d e r in g  p a ra m e te r
f o r  th e  e x t e n t  t o  w hich  th e  e x c i t e d  s t a t e s  o f  a g iv e n  £-D-cp-A compound 
c o n t a in  ch a rg e  t r a n s f e r  n a t u r e .  Such an  o r d e r i n g  i s  shown i n  F ig u re  
5, w h e re in  i t  i s  c l e a r  t h a t  th e  in d u c ed  o r d e r  fo l lo w s  common id e a s  
c o n c e rn in g  r e l a t i v e  d o n o r / a c c e p to r  n a t u r e  o f  t h e  D/A p a i r .  T h is
p o in t  i s  f u r t h e r  s u b s t a n t i a t e d  i n  F ig u re  6  where we p r e s e n t  a p l o t
1 1  12 o f  th e  Lg -  band gap v e r s u s  th e  i o n i z a t i o n  p o t e n t i a l  o f  DH
f o r  a s e t  o f  £-D-cp-CN compounds; th e  *La ~*L^ band gap does  in d e ed
d e c r e a s e  w i th  I n c r e a s i n g  donor e f f i c i e n c y  o f  D ( a s  p a r a m e t r i z e d  by
th e  low es t en e rg y  i o n i z a t i o n  p o t e n t i a l  o f  th e  m o lecu le  DH).
G iven th e  *L ” *L. band gap a s  an  o r d e r in g  p a ra m e te r  f o r
3  D
t h e  e x t e n t  t o  w hich ch a rg e  t r a n s f e r  c h a r a c t e r i s t i c s  a r e  in v o lv e d  in  
th e  e x c i t e d  s t a t e s ,  we now a t te m p t  t o  c o r r e l a t e  th e  o th e r  p h y s ic a l
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F ig u r e  4 .  A p l o t  o f  Hammett a p a r a m e te r s  v e r s u s  t h e  e n e rg y
gap o b s e rv e d  f o r  t h e  j j - i so m e rs o  The Hammett o  v a l u e s  w ere  
ta k e n  from  T a b le  V II  o f  D. H. M cDaniel and H. C. Brown,
J .  O rg . Chem. . 2 3 . 4 2 0 (1 9 5 8 ) .  They a r e  t h e  sums o f  t h e  a 
v a l u e s  f o r  t h e  p a i r s  o f  e l e c t r o n  d o n a t in g  and e l e c t r o n  
a c c e p t i n g  g r o u p s .  T hese  sums a r e  n o rm a l iz e d  t o  an  a r b i ­
t r a r y  sum, 0 .2 2 8  o f  to lu a m id e .  The e n e r g y  gap was e v a l u ­
a t e d  a s  t h e  d i f f e r e n c e  b e tw ee n  band maxima.
(K
K)
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F ig u re  5. An a r ra n g e m e n t  o f  j>- iso m e rs  a c c o r d in g  to  th e  m agn itude  o f  
th e  band gap w hich  th e y  e x h i b i t .  The a r ra n g e m e n t
o f  £ -  and m- iso m e rs  i s  based  on t h a t  found f o r  th e  £ -  
i s o m e r s .  The v a r i o u s  d a t a  p o i n t s  a r e  d i s t i n g u i s h e d  as  
f o l l o w s :
•A , n - is o m e r
m  , ra-isom er
O  » £ “ i  s ome r
(k
K
)
12
CHjO C H /3
CN COOH
nn. nn,
COCHj COOCH CHj OH CH3 Cl FCOOH CN CONH, CN CN
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F ig u r e  6 .  A  p l o t  o f  th e  i o n i z a t i o n  p o t e n t i a l ,  I p ,  o f  DH w here D  i s  
th e  donor group  o f  D -c p -A  v e r s u s  t h e  e n e rg y  gap 
o f  £ - D - c p - C N , . The u n i t s  i n  w hich  I p i a  c i t e d  a r e  eV.
N
D
-*
H
M
| p (eV) OF DONOR SUBSTITUENT-  
ro £  5>
 ■---------------------■-------------------- 1---------------------1---------------------1-------------------- r
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c h a r a c t e r i s t i c s  o f  t h e s e  m o le c u le s .  Such p l o t s  f o r  th e  T^, and S2 
s t a t e s  o f  th e  £ - ,  m- and £ -  D -c p -A  m o le c u le s  a r e  g iv e n  i n  F i g u r e s  7 , 8 
and 9  r e s p e c t i v e l y .  I t  w i l l  be seen  t h a t  f o r  th e  £ -  D -c p -A  m o le c u le  
th e  e n e rg y  o f  th e  S2 s t a t e s  d e c r e a s e s  f a s t e r  th a n  t h a t  o f  t h e  o- 
and m- D -c p -A  m o le c u le s ;  on th e  o t h e r  h an d ,  th e  and s t a t e s  
d e c r e a s e  a t  a p p r o x im a te ly  th e  same r a t e  f o r  e a c h  s e t  o f  th e  o - ,  st­
and £ — D -c p -A  m o le c u le s .
INTERSYSTEM CROSSING
An i n c r e a s e  o f  th e  r a t i o  $p /$ p  and an  a s s o c i a t e d  d e c r e a s e  
1 3  1 4o f  Tp h a s  been  o b se rv ed  * upon N -m e th y la t lo n  o f  a n i l i n e  and has  
been a t t r i b u t e d  t o  a n  enhancem ent o f  tw o - c e n te r  ( i . e . ,  s u b s t i t u e n t -  
r i n g )  s p i n - o r b i t a l  c o u p l in g  w h ich  s u p p o se d ly  p a r a l l e l s  t h e  r a t e  o f  
i n c r e a s e  o f  ch a rg e  t r a n s f e r  c o n j u g a t iv e  i n t e r a c t i o n s  o f  th e  s u b s t i t u e n t  
and th e  r i n g .  A p l o t  o f  th e  $ p /$ p r a t i o  f o r  th e  £ -  d e r i v a t i v e s  
w hich a r e  n o rm a l iz e d  to  th e  c o r r e s p o n d in g  m- d e r i v a t i v e s  ( i . e . ,
) v e r s u s  t h e  e n e rg y  gap i s  g iv e n  in
F ig u re  10. A part from two e x c e p t i o n s ,  a g e n e r a l  i n c r e a s e  o f  th e  
$ p /$ F r a t i o  a s  th e  e n e rg y  gap d e c r e a s e s  i s  se e n  t o  e x i s t .
A s i m i l a r  o b s e r v a t i o n  i s  i m p l i c i t  i n  t h e  d a t a  o f  T ab le  I I .
140
F ig u r e  7 . A p l o t  o f  th e  e n e rg y  o f  t h e  T^ s t a t e  v e r s u s  th e
e n e rg y  gap f o r  o - ,  m- and js-D-cp-A. A l l  e n e r g i e s  used  
r e f e r  t o  band maxima. The e x p e r im e n ta l  e r r o r  a s s o c i a t e d  
w i th  th e  e n e rg y  E(T^) is -50cm t h a t  a s s o c i a t e d  w i th  
t h e  band gap f o r  th e  o- and m- is o m e rs  i s  - 1 0 0 cm t h a t  
a s s o c i a t e d  w i th  th e  band gap f o r  th e  £ - i s o m e r  may be 
o b ta in e d  from F ig u r e  5. The v a r i o u s  d a t a  p o i n t s  a r e  
d i s t i n g u i s h e d  a s  f o l l o w s :
A  , o-isom er  
i!ZD , m- isomer 
O  . £-isom er
EN
ER
GY
 
(k
K)
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26-
1--------!--------r
A. CHj-CONH,
.-CN
© CHjO-COOH
O CHjO-CN
a CHjO-CN 
CHjO-COOH
CHf-COOH ■■CHj-CONH, 
A CHj-COOH
^ Bf_CN QOH_cn
6  CI-CN
O Br-CN O CI-CN
F-CN © 
F-CN A
F-CN '
O NH,-CN
NHj-COOCHj
CHjO-COOH
NHj-COOCHjO »CH,0-CN
to OH-CN
A NHj-COOCHj 
NM j-COCHj
2 2 A  NHj -C O C H j
NHj-CN
2C- “  NHj—COCMj
2 3 4 5 6 6
V  'L b (kK) --------►
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F ig u r e  8 . A p l o t  of th e  e n e rg y  o f  th e  s t a t e  v e r s u s  th e  *La -
e n e rg y  gap f o r  o - ,  m- and £-D-cp-A. A l l  e n e r g i e s  used
r e f e r  t o  band maxima. The e x p e r im e n ta l  e r r o r  a s s o c i a t e d
w i th  th e  e n e rg y  E(S^) i s  -50cm * u n l e s s  o th e rw is e
i n d i c a t e d ;  t h a t  a s s o c i a t e d  w i t h  t h e  band gap f o r  th e  o-
+ -1and m- iso m e rs  i s  - 1 0 0 cm ; t h a t  a s s o c i a t e d  w i th  th e  band 
gap  f o r  th e  £ - i s o m e r  may be o b ta in e d  from F ig u r e  5. The 
v a r i o u s  d a t a  p o i n t s  a r e  d i s t i n g u i s h e d  a s  f o l l o w s :
A, » o - i s o m e r  
m  , m -isom er 
O  » £ - isom er
EN
ER
GY
 
(k
K
)
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37
35
33
31
2 9
27
1 1 T 1
o c h , - c o n h 2
-  0
F-CN
k — BM.NOCMf COOHO A O CHCN
1 CHjO-CN ^CHj-CONHt
oaF-CN A
1 CHjO-COOH CHj-COOH* •  CI-CN 
Br-CN T
\ - O CN-OH -
NHjCN { C H j O - C N ^ ^  . ^  “  CN-OH Noa CHjO-COOH 4 CN-OH 
A
-
m NHr CN z
A — NH--COOCH,
A NHj-CN A /
“
tn NHj-COCH,
{  N H j-C O C H j
A NHj-COCH,
1....................  L 1— .......... ............  i
6
‘ Lo-'Lb (kK)
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F ig u r e  9 . A p l o t  o f  t h e  e n e rg y  o f  th e  s t a t e  v e r s u s  th e  *Lg -  
e n e rg y  gap f o r  o - ,  m- and j>-D-cp-A. A l l  e n e r g i e s  used 
r e f e r  t o  band maxima. The e x p e r im e n ta l  e r r o r  a s s o c i a t e d  
w i th  th e  e n e rg y  E(S2 ) i s  -50cm * u n le s s  o th e rw is e  
i n d i c a t e d ;  t h a t  a s s o c i a t e d  w i t h  th e  band gap f o r  t h e  o- 
and m- is o m e rs  i s  - 1 0 0 cm t h a t  a s s o c i a t e d  w i t h  th e  band 
gap f o r  th e  £ - i s o m e r  may be o b ta in e d  from  F ig u r e  5. The 
v a r i o u s  d a t a  p o i n t s  a r e  d i s t i n g u i s h e d  a s  f o l l o w s :
A  , o-isom er
i—r-i , m-isomer 
O  » £ “ isomer
EN
ER
GY
 
(k
K
)
46
42
1
38
34
3 0
1 1 ' 1 i r  i i 1
A-CHrCONH, . 
/  F-CN®
CHjO-CN C ^ - jcHjO-COOH
A  as S^CI-CN 
& Br-CN /a s  ̂ q h -C N
CHj-COOH 0 ? O ChCN
CHyCONHj ~
O Br-CN
NHr-CNANHrC00C%_ r  \ n  O CHjO-CN
NHrCN® | ^ 0CH30 ch,o- cooh
O OH-CN
0  NHrCN -
O NHrCOOCH,
—
0 NH-COCH,
i 1 i —1------ i _ i i 1 i6
' L 0 -  *Lb (kK)
146
F ig u r e  10. A p l o t  o f  C$p / / C*p / D m_ v e r s u s  t h e  XLfl -  1Lfc e n e rg y  
gap f o r  £-D-cp-A.
Ell 2
m  C H ,0-C N \
\  m OH-CN 
* NHj-COOChX CHfCOOH
\  "  *  CI-CN
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APPENDIX 
KINETIC ANALYSIS OF LIFETIME 
AND QUANTUM YIELD DATA
The k i n e t i c  e v e n t s  o f  i n t e r e s t  a r e :
-* SQ + hVpj kj, ( f l u o r e s c e n c e )
T^ -* Sq + hVpj kp  (p h o s p h o re s c e n c e )
; k I g c  ( i n t e r s y s t e m  c r o s s i n g )
S^.—>SQ ; k g ( i n t e r n a l  c o n v e r s io n )
Tjv^ S q ; kT ( i n t e r s y s t e m  c r o s s i n g )
T hese  e v e n t s  a r e  diagrammed i n  F ig u r e  1 .
The quantum y i e l d  $ i s  d e f in e d  a s  th e  r a t i o  o f  o u tp u tX
-• Sq p h o to n s  t o  i n p u t  «- Sq p h o to n s  and i s  g iv e n  by
*F “   1
The quantum y i e l d  $F i s  d e f in e d  a s  th e  r a t i o  o f  o u tp u t  T^ -'Sq p h o to n s
t o  i n p u t  S^ «- Sq p h o to n s  and i s  g iv e n  by
*P “ * isc  kP/( k p*T>  2
” f ISC TP^TP  3
I f  we assume t h a t  k = 0 ,  i t  f o l l o w s  t h a t  = 1 andS F ISC
t h a t
$p = ( l - * F)Tp/T °  4
Hence, we f i n d
fp/»p = (1 /* F ”1 ) ( Tp/Tp)  5
kT = (V * P ) ( 1“ [ *F+#P ])   6
kF 1^ TF *F/T F  8
T hus, we can determ ine kp = 1/ t° ,  kT, kISC and kp*
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F ig u r e  1. A s p e c i f i c a t i o n  o f  e x c i t e d  s t a t e  d e p l e t i v e  e v e n t s
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S,
ISC
S
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I f  we a s s u n e  = 0 ,  i t  f o l l o w s  t h a t
k ISC = ^ V ^ f *   9
kp = 1/Tp = 1/ t°   10
*1  = V TF  8
kS = ^kF^*F^ ^  k ISC  11
E q u a t io n s  5 th ro u g h  8 w ere  used  t o  a n a l y s e  th e  d a t a  f o r  t h e
l i m i t  kg  = 0 .  E q u a t io n s  8  th ro u g h  11 w ere  used t o  a n a l y s e  th e  d a t a  f o r
th e  l i m i t  k ^  = 0 .  In  o r d e r  t o  e v a l u a t e  a l l  f i v e  k i n e t i c  p a r a m e te r s
a f i f t h  in d e p e n d e n t  m easurem ent i s  r e q u i r e d .  The m easurem ent w h ich
s u g g e s t s  i t s e l f  i s  U n f o r tu n a t e ly ,  t h i s  m easurem ent does  n o t  l i eISC
w i t h i n  t h e  compass o f  ou r e x p e r im e n ta l  s k i l l s .
PART II.
AND 2 - SUBSTITUTED NAPHTHALENES
CHAPTER V I I .
MONOMERS, DIMERS AND TETRAMERS OF 1- AND 2-NAPHTHOIC ACIDS
INTRODUCTION
The n a p h th o ic  a c i d s  a r e  n o t  p a r t i c u l a r l y  p o l a r :  The d i p o l e
moment o f  1 - n a p h th o ic  a c i d , *  f o r  ex am p le ,  i s  1.76D. However, sub­
s t i t u t i o n  o f  e l e c t r o n - d o n o r  g ro u p s  on th e  r i n g  sy s tem  p ro d u c e s  a  g r e a t
2
v a r i e t y  o f  h i g h l y - p o l a r  m o le c u le s  and th e  u n d e r s t a n d i n g  o f  t h e s e  
r e q u i r e s  some a p p r e c i a t i o n  f o r  th e  s p e c t r o s c o p y  o f  th e  p a r e n t  n a p h th o ic  
a c i d s .
The s p e c t r o s c o p y  o f  t h e  n a p h th o ic  a c i d s  i s  a l s o  c o m p lic a te d  
by th e  g r e a t  v a r i e t y  o f  e q u i l i b r i a  ( i o n i z a t i o n ,  d i m e r i z a t i o n ,  e t c . , )  
t o  w h ich  t h e s e  m o le c u le s  a r e  p r o n e .  C o n s e q u e n t ly ,  we now p r o v id e  a 
b r i e f  s u rv e y  o f  t h e s e  e q u i l i b r i a .
DIMERIZATION:
3 4The 1- and 2 - n a p h th o i c  a c i d s  o c c u r  * i n  t h e  c r y s t a l  a s  
d im e r s .  The d im er  i s  o f  an  I n t e r n a l  H-bonded ty p e
0 ..................H ---------------0 ^ ^
\ o _________„ ..................o ^ C
and i s  a l s o  th e  p red o m in an t  s p e c i e s  p r e s e n t  I n  n o n - p o la r  s o l v e n t s .
The e q u i l i b r i u m  c o n s t a n t s  f o r  t h e s e  d im e rs  a r e  shown I n  T a b le  I .  The 
o n ly  p r e v io u s  v a l u e s  a v a i l a b l e  f o r  t h e  n a p h t h o ic  a c i d s  w ere t h o s e  o f  
Dunken and R udakoff^  and t h e s e  a p p e a r  to o  s m a l l  r e l a t i v e  t o  ou r  
v a l u e s  by a f a c t o r  o f  ~ 10 .  A s i m i l a r  d i s c r e p a n c y  be tw een  th e  r e s u l t s  
o f  Dunken and R udakoff  and o t h e r  a u t h o r s  f o r  th e  b e n z o ic  a c i d  d im er 
a p p e a r s  i n  column 4 o f  T ab le  I .  As a r e s u l t ,  we may assume t h a t  th e  
e q u i l i b r i u m  c o n s t a n t s  f o r  1 -  and 2 - n a p h t h o i c  a c i d s  l i e  i n  t h e  ra n g e
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TABLE I.
Q
E q u i l ib r iu m  C o n s ta n ts  (1 /m o le )  f o r  D im e r i z a t io n  o f  B enzo ic  and N ap h th o ic  A cids  i n  Non-
P o la r  S o lv e n ts  a t  25°C.
S o lv e n t 1 -N a p h th o ic  Acid 2 -N a p h th o ic  Acid B enzoic  Acid
Benzene ~ 104  ( b , c ) 5 .3  x 104  (b ) 6 .4  x 104  (d )
3 .8  x 103 ( e ) 3 .17  x 103 ( e ) 5 .3 4  x 103 (e )
n-Hexane ----- ----- 1 .76  x 104  ( f )
CC1.4
----- ----- 1 . 5  x 104  (g )
aW righ t [M rs. W. G. W rig h t ,  J .  Chem. S o c . ,  6 8 3 (1 9 4 9 )]  h as  r e p o r t e d  c ry o s c o p ic  d a ta  from w hich
2
we e x t r a c t  a d i m e r i z a t i o n  c o n s ta n t  K **■ 5 x 10 1/m. We a r e  a t  a l o s s  i n s o f a r  a s  th e  i n t e r p r e ­
t a t i o n  o f  th e  v a r i a n c e  o f  t h i s  " c o n s t a n t "  betw een W rig h t ,  o u r s e l v e s ,  and Dunken & R udakoff  a r e  
c o n c e rn e d .  The e x p e r im e n ta l  w orks o f  W righ t w ere c a r r i e d  ou t  a t  v e ry  h ig h  c o n c e n t r a t i o n s  
(5  x 10 ' 3 -  2 x 10_2M), u n d e r  c o n d i t i o n s  w h ich  i n d i c a t e d  a h ig h  s e n s i t i v i t y  t o  t r a c e  w a te r -  
c o n ta m in a t io n  o f  s o l v e n t s .  The IR m easurem ents  o f  Dunken and R udakoff a r e  r e l i a n t  on v e r y  
sm a l l  a b s o r p t i v i t y  d i f f e r e n c e s  and ,  b e s i d e s ,  do n o t  concu r  w i th  t h r e e  o th e r  in d e p e n d e n t  e s t i ­
m a tes  o f  th e  d i m e r i z a t i o n  c o n s t a n t  i n  th e  s p e c i f i c  c a s e  o f  b e n z o ic  a c i d .  C o n se q u e n t ly ,  f o r  
r e a s o n s  o f  p r e j u d i c e  i f  n o th in g  e l s e ,  we p r e f e r  ou r  own m easurem en ts . 154
TABLE I (cont.)
bT h is  w ork ; from an u l t r a v i o l e t  i n v e s t i g a t i o n  o f  th e  *1^ a b s o r p t i o n  band .
c 1 1
Value u n c e r t a i n  b eca u se  o f  o c c l u s i o n  o f  «- a b s o r p t i o n  band b e n e a th  th e  much
more i n t e n s e  *L «- *T, t r a n s i t i o n ,  a 1
C ry o sco p ic  m easurem ents  by B.C. B a r to n  and C.A. K rau s ,  J .  Am. Chem. Soc. . 73. 4561 
(1 9 5 1 ) .
e lR  s t u d i e s  by H. Dunken and G, R u d ako ff ,  Z. Chem. .  5 4 (1 9 6 1 ) .  
f UV s t u d i e s  by M. I t o ,  J .  Mol. S p e c t r o a c . .  4 ,  1 4 4 (1 9 6 1 ) .
8 IR s t u d i e s  by M.M. D av ies  and G.B.B.M. S u th e r l a n d ,  J .  Chem. P hvs . .  6, 755 ,767 (1935)  
and J . J .  H a r r i s  and M.E. Hobbs, J .  Am. Chem. S oc . ,  7 6 . 1416(1954) .
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10^ -  105 1/m ole and Chat Che p r e p o n d e r a n t  s p e c i e s  p r e s e n t  In  non-
- 3
p o l a r  s o l v e n t s  a t  c o n c e n t r a t i o n s  10 M I s  t h e  d im e r .
H ochs tra sse r** ,  c i t i n g  W rig h t^  a s  h i s  a u t h o r i t y ,  c o n c lu d e s
t h a t  d i m e r i z a t i o n  i s  co m p le te  a t  10  1- n a p h th o i c  a c i d  i n  m e th y l -
c y c lo h e x a n e  a t  300°K. Our e v a l u a t i o n  o f  W r i g h t ' s  r e s u l t s  l e a d s  t o
2
a  d i m e r i z a t i o n  c o n s t a n t  o f  ^  x  10  1/m and t o  th e  c o n c lu s io n  t h a t ,  a t  
a  nom ina l  c o n c e n t r a t i o n  cf 10  ^M, t h e  c o n c e n t r a t i o n s  o f  d im er  and 
monomer a r e  a p p r o x im a te ly  e q u a l .  C l e a r l y ,  t h e n ,  H o c h s t r a s s e r ' s  
i n f e r e n c e s ,  a t  l e a s t  i n s o f a r  a s  th e s e  a r e  b a se d  on W r i g h t s '  d a t a , ^  
a r e  im p ro p e r .  However, s i n c e  o u r  m easured  e q u i l i b r i u m  c o n s t a n t s  a r e  
much l a r g e r  th a n  th o s e  o f  W r ig h t  ( o f  T a b le  I ) ,  we f i n d  t h e  r a t i o  
[d im e r ]  /  [monomer] ^  5 a t  300°K; h e n c e ,  H o c h s t r a s s e r ' s  c o n c l u s i o n s ,  
a s  r e f e r r e d  t o  t h e  p r e s e n t  r e s u l t s ,  a r e  e s s e n t i a l l y  c o r r e c t .
G iven  th e  h e a t  o f  d i m e r i z a t i o n  o f  c a r b o x y l l c  a c i d s  a s  
M O k e a l /m o le ,  i t  f o l l o w s  t h a t  th e  p re d o m in a n t  e n t i t y  i n  g l a s s e s  a t  
77°K, i n  w h ich  t h e  nom ina l  a c i d  c o n c e n t r a t i o n  i s  10 ^M, i s  a lm o s t  
w h o l ly  d i m e r i c .  T h i s  s u p p o s i t i o n ,  how ever,  depends  on th e  m a in te n a n c e  
o f  e q u i l i b r i u m  d u r in g  t h e  p r o c e s s  o f  g l a a s i f i c a t i o n ,  a  c o n d i t i o n  w hich  
i s  d i f f i c u l t ,  i f  n o t  i m p o s s ib l e ,  t o  s a t i s f y  f o r  m e th y lc y c lo h e x a n e  g l a s s e s .  
N o n e th e l e s s ,  e q u i l i b r i u m  can  be e n s u re d  t o  s u f f i c i e n t l y  low te m p e r a tu r e s  
i n  MCH, t o  m e r i t  a c c e p ta n c e  o f  a  dom inan t d im e r ic  c o n t e n t  f o r  a l l  
g l a s s e s  c o n t a i n i n g  s o l u t e  c o n c e n t r a t i o n s  l a r g e r  th a n  10  ^M.
IONIZATION IN THE GROUND STATE:
I o n i z a t i o n  i n  n o n - p o la r  s o l v e n t s  i s  n e g l i g i b l e .  As s t a t e d ,  
th e  a f f a i r s  o f  such  s o l u t i o n s  a r e  dom ina ted  by d i m e r i z a t i o n .
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S o lu t i o n s  In  p o l a r  s o l v e n t s ,  ( I . e . ,  EPA o r  mixed a l c o h o l s ) ,  
on th e  o t h e r  hand , do te n d  t o  obey B e e r ' s  law. From t h i s  we co n c lu d e  
t h a t  I o n i z a t i o n  e f f e c t s  a r e  n o t  s e v e r e  and t h a t  th e  p re p o n d e ra n t  
e n t i t y  p r e s e n t  I s  th e  monomer a c i d ,  e x t e r n a l l y  H-bonded t o  s o lv e n t  
m o le c u le s .  TWo o t h e r  e v id e n c e s  s u p p o r t  t h i s  c o n c lu s io n .  F i r s t l y ,
g
th e  a c id  d i s s o c i a t i o n  c o n s t a n t s ,  pK , a r e  known f o r  b o th  1- and
* 8
2- n a p h th o ic  a c i d s  and a r e  3 .7  and 4 .2  r e s p e c t i v e l y .  C o n s e q u e n t ly ,  
t h e  e x t e n t  o f  I o n i z a t i o n  I s  n o t  e x p e c te d  t o  be  m a s s iv e .  S ec o n d ly ,  
t h e  «- *A^ e n e r g i e s  ( I . e . ,  0 , 0  a b s o r p t i o n  ban d s)  o f  m e th y l  2 -n a p h -  
t h o a t e ,  sodium 2 - n a p h th o a te  and 2 - n a p h th o ic  a c i d  a r e  29810, 30670, 
and 29990cm *, r e s p e c t i v e l y ;  t h u s ,  th e  e s t e r  and n o n - Io n iz e d  a c i d  
a b s o rb  a t  c o n s i d e r a b l y  low er  e n e rg y  th a n  th e  2 - n a p h th o a te  Ion  an d ,  
t h e r e f o r e ,  any  s i g n i f i c a n t  c o n c e n t r a t i o n  o f  t h i s  Io n  I s  d e t e c t a b l e .
In  v iew  o f  t h e s e  and th e  B e e r ' s  law b e h a v i o r ,  we b e l i e v e  th e  H-bonded 
monomer t o  be t h e  m a j o r i t y  s p e c i e s  I n  p o l a r  s o l v e n t s .
S o l u t i o n s  In  a l k a l i n e  m edia ( f o r  exam ple ,  a l c o h o l  c o n t a i n i n g  
K0H) a r e  a lm o s t  w h o l ly  i o n i c ,  a s  i s  r e a d i l y  a p p a r e n t  u s in g  s im p le  
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r o m e t r y .
IONIZATION IN EXCITED STATES:
g
The i o n i z a t i o n  c o n s t a n t s  i n  th e  v a r i o u s  e x c i t e d  s t a t e s  a r e
PK(S0) p K d p  PK (S1)
1 -N a p h th o ic  a c id  3 .7  3 . 8 - 4 . 6  10-12
2 -N a p h th o ic  a c id  4 .2  4 . 0 - 4 . 2  10-12
Thus, th e  s i t u a t i o n  In  th e  T^ s t a t e s  w i l l  n o t  d i f f e r  much from th o s e  
i n  t h e  c o r r e s p o n d in g  Sq s t a t e s .  I n  t h e  S^ s t a t e s ,  how ever, i o n i z a t i o n
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w i l l  te n d  t o  be s u p p re s s e d  and s i n c e  t h e s e  s t a t e s  s e r v e  a s  th e  p r im a ry
e x c i t a t i o n  r o u t e  f o r  t h e  s t a t e s ,  we s h o u ld  e x p e c t  th e  lu m in escen c e
o f  EPA s y s te m s ,  b o th  t h e  f l u o r e s c e n c e  and th e  p h o s p h o re s c e n c e ,  t o  be
t h a t  o f  th e  n o n - i o n i c  m a t e r i a l s  r e g a r d l e s s  o f  w h e th e r  th e  a b s o r b in g
ground  s t a t e  e n t i t y  i s  i o n i c  o r  n o n - i o n i c .  I n  t h i s ,  we a r e  i n  t o t a l
ag ree m en t  w i t h  H o c h s t r a s s e r . ^
STERICALLY-CONTROLLED EQUILIBRIA:
The s p e c t r o s c o p y  o f  t h e  1- and 2 -  n a p h th o ic  a c i d s  i s  a l s o
e x p e c te d  t o  be c o m p lic a te d  by c o n s i d e r a t i o n s  r e l a t i n g  t o  rlng/COOH
c o p l a n a r i t y .  P e r i - i n t e r a c t i o n s  I n h i b i t  su ch  c o p l a n a r l t y  i n  th e
monomer o f  1- n a p h t h o l c  a c i d  i n  th e  Sq s t a t e  b u t  n o t ,  a p p a r e n t l y ,  i n
t h e  S^ o r  s t a t e s  o f  t h e  monomer o r  i n  any  s t a t e ,  i n c l u d i n g  t h e  Sq
s t a t e ,  o f  t h e  d im e r .  S t e r i c  i n h i b i t i o n s  p roduced  by a p p r o p r i a t e
m e th y l  s u b s t i t u t i o n  on th e  r i n g  may w e l l  d e s t r o y  c o p l a n a r l t y  i n  a l l
s t a t e s  f o r  b o th  t h e  monomer and d im e r .  Thus, i t  may be d i f f i c u l t  t o
d i s e n t a n g l e  d l m e r z a t io n  e f f e c t s  from  rlng/COOH o r i e n t a t i o n a l  e f f e c t s .
F o r t u n a t e l y ,  some work r e l a t e d  t o  su ch  o r i e n t a t i o n  e f f e c t s  i n  o t h e r
9-12sy s te m s  i s  a l r e a d y  a v a i l a b l e .
CRYSTALLIZATION:
The e x t e n t  t o  w h ich  m i c r o c r y s t a l U n i t y  o c c u r s  i n  n o n - p o la r  
g l a s s e s  i s  a c o n s i d e r a t i o n  o f  p r im e  im p o r ta n c e .  I f  we t a k e  e x c lm e r  
e m is s io n  t o  be sym ptom atic  o f  m i c r o c r y s t a l U n i t y  i n  g l a s s e s  c o n t a i n ­
in g  1 - n a p h t h o i c  a c id  ( v id e  i n f r a ) ,  we c o n c lu d e  t h a t ,  f o r  c o n c e n t r a t i o n s  
C a: 5 x 10 M, th e  e x t e n t  o f  m i c r o c r y s t a l  U n i t y  i n  MCH g l a s s e s  i s  n o t  
s i g n i f i c a n t .  H o c h s t r a s s e r ^  p r e f e r r e d  a lc w e r  l i m i t  C £  10 ^M.
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3
F i n a l l y ,  t h e  c r y s t a l  s t r u c t u r e  o f  th e  1 - n a p h th o ic  a c i d  i s  
r a t h e r  a b n o rm a l .  The d im er p l a n e s  a r e  a r r a n g e d  i n  p a r a l l e l  f a s h i o n  
and  th e  p e r p e n d i c u l a r  i n t e r p l a n a r  d i s t a n c e  i s  p e c u l i a r l y  s m a l l  a t  
~ 3 .5 f l .  By c o n t r a s t ,  t h e  c o r r e s p o n d in g  d i s t a n c e ,  d ,  i n  th e  2 - n a p h th o i c  
a c i d  i s  P r e v io u s  s t u d i e s ^  o f  th e  c r y s t a l  lu m in e s c e n c e  o f  th e s e
sy s te m s  i n d i c a t e d  no u n u s u a l  e f f e c t s  c au sed  by t h i s  l a r g e  v a r i a t i o n  
o f  d ;  how ever,  t h e  p r e s e n t  work a t t r i b u t e s  t h e  f l u o r e s c e n c e  o f  th e
1- n a p h t h o i c  a c i d  c r y s t a l  t o  a  t r a n s i e n t  e x c i t e d  t e t r a m e r  ( i . e . ,  
e x c i - t e t r a p l e x )  w h ich  i s  composed o f  two i n t e r n a l l y  H-bonded d im e rs  
and w hich  fo rm s upon u l t r a v i o l e t  e x c i t a t i o n  o f  t h e  c r y s t a l .
EXPERIMENTAL
The n a p h th o ic  a c i d s  ( J .  T . B aker C hem ica l C o . , )  w ere  r e ­
p e a t e d l y  r e c r y s t a l l i z e d  from  e t h a n o l ,  th e  f i n a l  p u r i f i c a t i o n  s t e p  b e in g  
vacuum s u b l im a t i o n .  The 2 - m e th y l - 1 - n a p h th o ic  a c i d  was p u r i f i e d  s o l e l y  
by r e c r y s t a l l i z a t i o n .  A l l  s o l v e n t s  w ere " f l u o r i m e t r i c  g r a d e "  and 
w ere  n o n -e m is s lv e  a t  t h e  l e v e l  o f  e x p e r im e n ta l  s e n s i t i v i t y  needed  i n  
t h i s  w ork . A cid  e s t e r s  w ere s y n th e s i z e d  by r e f l u x i n g  th e  a c i d s  w i th  
t h e  a l c o h o l ,  th e  p ro d u c t  b e in g  d i s t i l l e d  a n d / o r  r e c r y s t a l l i z e d  a s  
p u r i t y  d i c t a t e d .
Lum inescence m easurem en ts  w ere r e c o rd e d  on a  J a r r e 1 -Ash 
Mark V %M s c a n n in g  m onochrom ator,  u sed  i n  c o n j u n c t io n  w i th  a  PAR 
p h a s e - s e n s i t i v e  d e t e c t i o n  sy s te m ,  and on an  Aminco S p e c t ro p h o to -  
f l u o r i m e t e r .  Decay m easurem en ts  w ere r e a d  o u t  on a  T e k t r o n ix  556
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Dual Beam o s c i l l o s c o p e .  The e x c i t a t i o n  s o u r c e s  used  w ere  500W and 
1000W xenon a r c  lam ps. T em p era tu re  c o n t r o l  was a c h ie v e d  by l i q u i d  
n i t r o g e n  b o i l - o f f  and c o u ld  be s t a b i l i z e d  w i t h i n  - 2 ° .  E x c i t a t i o n  
i n t e n s i t y  v a r i a t i o n s  w ere a c h ie v e d  u s in g  c a l i b r a t e d  n e u t r a l  d e n s i t y  
f i l t e r s .
A l l  lu m in e s c in g  sam ples  s tu d i e d  w ere o p t i c a l l y  homog' neous 
and w ere th o r o u g h ly  d e g a s s e d  by r e p e a t e d  f r e e z e - e v a c u a t e - t h a w  c y c l e s .  
C r y s t a l l i n e  sam ples  were p r e p a re d  by s lo w - c o o l in g  o f  a m e l t  com pressed  
be tw een  two q u a r t z  f l a t s .
RESULTS AND DISCUSSION
A summary o f  a b s o r p t i o n  and e m is s io n  d a t a  I s  g iv e n  In  T ab le
I I .  R a th e r  th a n  d i s c u s s  th e  g e n e r a l  c o n c l u s i o n s  w hich  fo l lo w  from 
t h i s  t a b u l a t i o n ,  i t  seems b e t t e r  t o  p r o v id e  a d i s c u s s i o n  o f  th e  
i n d i v i d u a l  m o le c u le s ,  s t a r t i n g  w i t h  t h o s e  whose s p e c t r o s c o p y  i s  l e a s t  
com plex .
2-NAPHTHOIC ACID:
T h is  m o le c u le  form s an  i n t e r n a l l y  H-bonded d im er  i n  non-
■* 6 - 3p o l a r  s o l v e n t s .  In  th e  c o n c e n t r a t i o n  ra n g e  10 -  10 m o le /1 ,  i n
p o l a r  s o l v e n t s ,  i t  obeys B e e r ' s  law and e x i s t s  i n  t h e  form o f  an  
e x t e r n a l l y  H-bonded monomer. The H-bonded d im er  i s  th e  dom inant 
m o le c u la r  u n i t  i n  th e  c r y s t a l  and i s  p l a n a r .  S in c e  t h e r e  a r e  no 
p e r i - i n t e r a c t i o n s  o r  o t h e r  s t e r l c  i n h i b i t i o n s  t o  p l a n a r i t y ,  i t  i s  
p r o b a b le  t h a t  th e  i n t e r n a l l y  H-bonded d im er  and e x t e r n a l l y  H-bonded 
monomer a r e  a l s o  p l a n a r ,  o r  n e a r l y  so ,  i n  a l l  e l e c t r o n i c  s t a t e s  i n  
s o l u t i o n s .
TABLE IL
Absorption and Luminescence Data fo r  Naphthoic A cids and E sters  
[A ll en erg ie s  are ir. cm 1 and re fer  to  77°K in  e ith e r  EPA, an e th er /iso p en ta n e /a lco h o l g la s s ,  or MCH, a aetbylcyclohexane g la s s .  A ll band en erg ies  
quoted are for 0 ,0  o r ig in  bands, w ith  the excep tion  o f *La *■ which i s  for the band maximum. The exp erisw ntal error i s  ISOem- 1 . Phosphorescence
l i fe t im e  i s  quoted in  s e c s ,  the error being -0 .0 5 s e c s .  ip / ip  the r a t io  of flu orescen ce to  phosphorescence in t e n s i t i e s .  Â  i s  the so lven t
s h i f t ,  non-polar to  p o la r , in  absorption; A _ and A -  are the corresponding q u a n tit ie s  for  flu orescen ce  and phosphorescence, r e sp e c t iv e ly ;  and the
Stokes s h i f t  i s  g iven  by E (1Lj) *■ 1T1) -  S^L^ •• *Tj) ] .
COMPOUND
l-Naph'.hoic
A dd
2-M ethyl-1-Naphtholc  
Acid
Methyl 1-Naphthoate 2-Maphtholc
Acid
Methyl 2-Maphthoate
SOLVES! EPA MCH EPA MCH EPA MCH EPA MCH EPA MCH
\  ^ ^ 1 31200 30100 31200 31200 30900 30960 29950 29400 29810 29980
aa
1100 0 -60 550 -170
\  -  I f l 30700 29600 31000 30120 29600 29940 29700 29150 29540 29790
‘i 1100 880 -340 550 -250
Stokes S h if t 500 500 200 1080 1300 1020 250 250 270 90
1 l.  -  l f l 34240 33000 34500 35580 33670 33330 35800 35600 35700 35700
20600 20200 20630 20350 20200 20120 21000 20600 20760 20780
P̂ 400 280 80 400 -10
TP 1.02 0.95 1.40 1.08 1 .38 1.12 2 .22 2.06 2 .54 2 .34
♦p/*p 5 .8 It 3 .6 7 4 .8 4 .9 66 ~30 70 88
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The s p e c t r a  o f  th e  2 - a c i d  a r e  shown i n  F ig u r e  1. In  acc o rd  
w i t h  s u p p o s i t i o n s  o f  p l a n a r i t y ,  th e  s p e c t r a  a r e  s t r u c t u r e d ,  e x h i b i t  
two w e l l* d e f in e d  a b s o r p t i o n  r e g io n s  f o r  th e  *L, ♦- *T. and *- V .
D X fi 1
t r a n s i t i o n s ,  and a r e l a t i v e l y  s m a l l  S to k e s  s h i f t  o f  '■Si250cm T h is  
s m a l l  S to k e s  s h i f t  i s  a t t r i b u t e d  t o  s o l v e n t  r e - e q u i l i b r a t i o n  i n  th e  
e x c i t e d  s t a t e  and i s  t a k e n  a s  e v id e n c e  f o r  monomer and d im er  p l a n a r i t y  
i n  b o th  S^ and Sq s t a t e s .
The 550cm  ̂ v a lu e  o f  Â  and th e  4u0cm  ̂ v a l u e  o f  Ap a r e  
a t t r i b u t e d  t o  d i m e r i z a t i o n .  T hus , i t  i s  supposed  t h a t  t h e  MCH d a t a  
r e f e r  t o  d im er  and th e  EPA d a t a  t o  monomer and t h a t  th e  f l u o r e s c e n c e ,  
p h o s p h o re s c e n c e  and a b s o r p t i o n  e v e n t s  i n  b o th  th e  monomer and d im er 
a r e  d e t e c t a b l y  d i f f e r e n t .  T h is  a rgum ent i s  bo rn e  o u t  by s t u d i e s  o f  
t h e  m e thy l and e t h y l  2 - n a p h th o a te  e s t e r s .  These e s t e r s  obey B e e r ' s  
law and do n o t  form  d e t e c t a b l e  am ounts o f  any  d im e r ;  a d d i t i o n a l l y ,
and Ap*
F i n a l l y ,  th e  a b s o r p t i o n  and e m is s io n  s p e c t r a  a r e  v e r y  s i m i l a r  t o  th o s e  
o f  th e  2 - a c i d  i n  EPA and th e  S to k e s  s h i f t s  a r e  com parab le  i n  a l l  s o l ­
v e n t s .  We c o n c lu d e  t h a t  th e  e s t e r s  a r e  monomeric and p l a n a r  i n  a l l  
s o l v e n t s ,  e x t e r n a l l y  H-bonded i n  EPA, and t h a t  th e  e s t e r  s t u d i e s  
s u b s t a n t i a t e  th e  p r e s e n c e  o f  2 - n a p h th o i c  a c i d  dimmrs in  n o n - p o la r  
m ed ia .
I t  i s  n o t  th o u g h t  t h a t  i o n i z a t i o n  o f  th e  Sq s t a t e ,  f o r
w hich  pKa -  4 . 2 ,  o r  th e  s t a t e ,  f o r  w hich  pKa “ 1 0 ,  p l a y  any
s i g n i f i c a n t  r o l e  i n  th e  o b se rv ed  phenomena. At th e  c o n c e n t r a t i o n s
-4
o f  i n t e r e s t  h e r e ,  c < 10  m o l e /1 , i t  i s  s im ply  im p o s s ib l e  t h a t
and i n  c o n t r a s t  t o  th e  a c i d ,  th e y  show sm a l l  v a l u e s  f o r  A^, Ap
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F ig u r e  1 .  A b s o rp t io n  and lu m in escen ce  s p e c t r a  o f  2 - n a p h th o ic  a c i d s  
at 77° K.
X ( I )
2500 2750 3000 3250 3500 4000  4500 5000 6000
C00H
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I o n i z a t i o n  cou ld  have o c c u r r e d  t o  an  e x t e n t  w h ich  would r a t i o n a l i z e  
t h e  a b s o r p t i o n  d a t a  f o r  th e  2 - a c l d .  I n  v iew  o f  t h i s ,  and th e  f a c t  
t h a t  t h e  S to k e s  s h i f t  i n  p o l a r  media f o r  th e  e s t e r  - -  w here 
i o n i z a t i o n  ca n n o t  o c c u r  - -  i s  com parab le  t o  t h a t  f o r  th e  a c i d ,  i t  
i s  p r o p e r  t o  co n c lu d e  t h a t  i o n i z a t i o n  i s  o f  no consequence  e i t h e r .
F i n a l l y ,  we p r e s e n t  a t a b u l a t i o n  o f  e n e r g i e s  i n  T a b le  
I I I  f o r  t h e  1- and 2 - a d d s  and t h e i r  v a r i o u s  s a l t s  and e s t e r s .  The 
e m is s io n  and a b s o r p t i o n  o f  th e  sodium and p o ta s s iu m  2 - n a p h th o a te  
s a l t s  a r e  i n t r i n s i c  t o  th e  2 - n a p h th o a te  io n  and l i e  a t  h ig h e r  e n e r g i e s  
th a n  th o s e  o f  2 - n a p h th o ic  a c i d  o r  i t s  m e th y l  e s t e r .  The d a t a  f o r  th e  
l e a d  and s i l v e r  2 - n a p h t h o a t e s  r e f e r  t o  c o v a l e n t  s i t u a t i o n s  and a r e  n o t  
p e r t i n e n t  t o  th e  p o i n t  a t  h a n d :  Namely, t h a t  th e  io n  s p e c t r a  a r e
d i f f e r e n t  from  th o s e  r e p o r t e d  i n  T ab le  I I  and F ig u r e s  1 and 2 . 
1-NAPHTHQATE ESTERS:
The m e thy l and e t h y l  e s t e r s  obey B e e r ' s  law a t  a l l  c o n c e n t r a ­
t i o n s  and a r e  monom eric. The •** t r a n s i t i o n s  e x h i b i t  s t a n d a r d
i ; ' u e - s h i f t s  A. = 60cmA
and p r o v id e  s p e c t r a  w h ic h ,  l i k e  t h e  1 - a c i d  i n  a p o l a r  medium, a r e  
u n s t r u c t u r e d  i n  a b s o r p t i o n  and s t r u c t u r e d  i n  e m is s io n .  The o u t s t a n d ­
in g  c h a r a c t e r i s t i c  i s  t h e  r a t h e r  l a r g e  S to k e s  s h i f t ,  1300 t o  1020 cm- *, 
b e tw ee n  th e  «- Sq and -* Sq e v e n t s .  The i n t e r p r e t a t i o n  o f  t h i s  
s h i f t  i s  r a t h e r  s t r a i g h t f o r w a r d :  The ring/COOMe sy s tem s  a r e  non-
c o p la n a r  i n  t h e  Sq s t a t e ,  b e c a u se  o f  th e  p e r i - l n t e r a c t l o n s  and th e
b u l k i n e s s  o f  th e  -COOMe g ro u p ,  b u t  a r e  c o p l a n a r ,  o r  n e a r l y  s o ,  i n  th e  
e q u i l i b r a t e d  s t a t e .  T h u s ,  th e  e q u i l i b r a t e d  g eo m e try ,  y i e l d i n g  
a s t a b i l i z e d  s t a t e  and a d e s t a b i l i z e d  Sq s t a t e ,  i s  h e ld
r e s p o n s i b l e  f o r  th e  l a r g e  S to k e s  s h i f t .
A_ = 340 cm ) i n  n o n - p o la r  s o l v e n t s ,
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TABLE III.
E n e r g ie s  f o r  A c id s ,  E s t e r s  and S a l t s  i n  EPA.
( A l l  e n e r g i e s  a r e  in  cm A b s o rp t io n  d a t a  p e r t a i n  t o  20°C.
o
E m iss io n  d a t a  p e r t a i n  t o  77 K .)
Compound \  -  l f l lLb ^  l f l
1 - a c i d *■<■31200 30700
M ethyl 1 - n a p h th o a te -3 0 9 0 0 29600
1 - a c i d  i o n a '■'■'31200 31250
Na 1 - n a p h th o a te ~31200 31250
K 1 - n a p h th o a te ~31200 31250
Ag 1 - n a p h th o a te -3 1 2 0 0 30865
Pb 1 - n a p h th o a te —31200 30865
2 - a c i d 29950 29700
M ethyl 2 - n a p h th o a te 29810 29540
Na 2 - n a p h th o a te 30675 30395
K 2 - n a p h th o a te 30675 30210
Ag 2 - n a p h th o a te 30185 29940
Pb 2 - n a p h th o a te 30305 29850
a
l - a c i d  d i s s o l v e d  i n  e t h y l  a l c o h o l ,  w i t h  a d d i t i o n  o f  c o n c e n t r a t e d  
NaOH.
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F ig u r e  2 . A b s o rp t io n  and lu m in escen c e  s p e c t r a  o f  1 - n a p h th o ic  a c id s  
a t  7 7 °K.
4500 5000 55003250 3500 3750 40003000
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1 - NAPHTHOIC ACIDS:
The 1 - n a p h th o ic  a c i d s  form H-bonded d im ers  in  n o n -p o la r
s o l v e n t s .  They obey B e e r ' s  law and form e x t e r n a l  H-bonded monomers
in  p o l a r  s o l v e n t s .
The s p e c t r a  o f  th e  1 - a c i d s  a r e  shown in  F ig u re  2 . The
s t r u c t u r e  i n  a b s o r p t i o n  i s  d i f f u s e  a t  a l l  t e m p e r a tu r e s  and no d i s t i n c t
<- band i s  e v id e n t  a t  any t e m p e ra tu r e  in  any s o lv e n t  sy s tem .
A l a r g e  s o lv e n t  r e d - s h i f t  o f  ~1200cm  ̂ o c c u rs  i n  th e  band maximuma
on g o in g  from p o la r  EPA t o  n o n - p o la r  MCH s o lv e n t  media ( s e e  T ab le  I I ) ; 
th e  c o r r e s p o n d in g  r e d - s h i f t  i s  Â  “■ 1100cm These r a t h e r  l a r g e  
s h i f t s  a r e  caused  by H-bond d i m e r i z a t i o n  in  MCH, w hich d i m e r i z a t i o n  
b r i n g s  ab o u t  c o p l a n a r i t y  o f  th e  r i n g / c a r b o x y l a t e  s y s t e m . T h e  p e r i - 
i n t e r a c t i o n  i n  th e  ground s t a t e  o f  th e  s o lv e n t  H-bonded monomer, th e  
sy s tem  w hich  e x i s t s  i n  EPA, c a u se s  n o n - p l a n a r i t y  o f  th e  r i n g / c a r b o x y l a t e  
sy s tem . C o n s e q u e n t ly ,  th e  o b se rv ed  r e d - s h i f t  in  MCH i s  th e  r e s u l t a n t  
o f  d i m e r i z a t i o n  and geo m etry -ch an g e  e f f e c t s .  S in c e  p e r i - i n t e r a c t i o n s  
a r e  a b s e n t  i n  th e  2 - a c i d ,  th e  c o r r e s p o n d in g  r e d - s h i f t  o f  550cm * i n  
t h i s  system  must be a t t r i b u t e d  s o l e l y  t o  th e  H-bond d i m e r i z a t i o n .
Hence, we c o n c lu d e  t h a t  th e  g eo m e try -ch an g e  i n  th e  d im er o f  th e  1 -a c id  
i s  r e s p o n s i b l e  fo r  ~50% o f  th e  o b se rv ed  r e d - s h i f t  i n  t h i s  sy s tem .
S im i l a r  s u p p o s i t i o n s  have been  advanced  p r e v i o u s l y  f o r  r e l a t e d
11 , 12 s y s te m s .  *
The S tokes  s h i f t s  o b se rv ed  i n  th e  1 - a c id  a r e  i n t e r m e d i a t e  
be tw een  th o s e  f o r  u n h in d e re d  2 - d e r i v a t i v e s  and th e  h in d e re d  m ethy l 
1 - n a p h th o a te .  T h is  o b s e r v a t i o n  im p l i e s  t h a t  f u l l  c o p l a n a r l t y  i s  n o t  
a c h ie v e d  i n  th e  e x c i t e d  1- a c i d  d im er  b u t  t h a t  t h i s  d im e r ,  a s  w e l l  a s
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t h e  H-bonded monomer, can a t t a i n  a g r e a t e r  d e g re e  o f  p l a n a r i t y  i n  th e  
S^ s t a t e .
Data f o r  v a r io u s  s a l t s  a r e  g iv e n  i n  T ab le  I I I .  The 
a b s o r p t i o n  d a ta  a r e  no t d i s c r i m i n a t o r y  b e c a u se  o f  th e  p o o r l y - r e s o l v e d  
n a t u r e  o f  th e  <- t r a n s i t i o n  i n  th e  1 - a c i d .  The lu m in e s c e n c e s ,  
how ever,  i n d i c a t e  c l e a r l y  t h a t  th e  io n  e m i ts  a t  h ig h e r  e n e r g i e s  th a n  
do th e  e s t e r  o r  u n d i s s o c i a t e d  a c i d ,  w h e th e r  complexed o r  m onom eric. 
C o n s e q u e n t ly ,  we a g a in  co n c lu d e  t h a t  th e  d a t a  o f  T ab le  I I  and F ig u r e s  
1 and 2 a r e  n o t  c o m p lic a te d  by i o n i z a t i o n  e f f e c t s .
The 2 -m e th y l - 1 - n a p h th o ic  a c id  r e p r e s e n t s  a s i t u a t i o n  where 
p e r i - I n t e r a c t i o n s  a r e  r e i n f o r c e d  by th e  s t e r l c  h in d ra n c e  p ro v id e d  by 
t h e  m e th y l group  i n  th e  2 - l o c a t i o n .  As e v id e n c e d  by th e  s p e c t r a l  
d a t a  f o r  t h i s  compound, i t  rem ains  n o n - c o p la n a r  i n  th e  Sq s t a t e ,  
w h e th e r  monomeric or d im e r i c ,  and th e  monomer a l s o  r e t a i n s  i t s  non­
c o p l a n a r i t y  i n  th e  s t a t e .  The d im e r ,  how ever, a p p e a r s  t o  g a in  
some d e g re e  o f  c o p l a n a r i t y  i n  th e  s t a t e ,  a s  e v id e n c e d  by th e  f a c t  
t h a t  t h e  MCH d a t a  f o r  t h i s  compound e x h i b i t  S to k e s  s h i f t s  w hich  a r e  
f u l l y  com parab le  t o  th o s e  f o r  m e t h y l - l - n a p h t h o a t e .
PHOSPHORESCENCE;
The p h o sp h o re sc e n c e  e x h i b i t s  a d i s t i n c t  d i m e r i z a t i o n  e f f e c t ,  
t h e  d im er r e d - s h i f t  b e in g  400cm  ̂ f o r  th e  1- and 2 - a c l d s ,  w here 
c o p l a n a r i t y  i s  p resum ab ly  a c h i e v a b l e ,  and 280cm 1 f o r  th e  2 - m e t h y l - 1- 
a c i d  w here c o p l a n a r i t y  i s  no t  p o s s i b l e .  These d i s t i n c t  r e d - s h l f t s  o f  
th e  a c i d s  i n  th e  n o n -p o la r  media a r e  i n  d i r e c t  c o n t r a s t  w i th  th e  v e ry  
n e g l i g i b l e  s o lv e n t  changes  e x h i b i t e d  by th e  m e th y l 1 -  and 2- n a p h t h o a t e s .
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Dimer p h o s p h o re s c e n c e  l i f e t i m e s  a r e  g e n e r a l l y  s m a l l e r  th a n  
th o s e  f o r  th e  e x t e r n a l l y  H-bonded monomer. T h is  r e d u c t i o n  i n  Tp i s  
p ro b a b ly  a s s o c i a b l e  w i t h  an  i n c r e a s e  o f  t h e  n o n - r a d i a t i v e  
c r o s s - s e c t i o n s  s in c e  p h o sp h o re sc e n c e  y i e l d s  a l s o  te n d  t o  d e c r e a s e  i n  
t h e  d im e r .  The l a r g e r  $p /$ p  r a t i o n s  and th e  lo n g e r  p h o sp h o re sc e n c e  
l i f e t i m e s  i n  t h e  2 - s u b s t i t u t e d  d e r i v a t i v e s  i s  n o t ,  i n  v iew  o f  th e  
t h r e e  s e t s  o f  d a t a  f o r  1- d e r i v a t i v e s ,  r e a d i l y  a s s o c i a b l e  w i th  
p l a n a r i t y / n o n - p l a n a r i t y  e f f e c t s .
THE TETRAMERIC EXCIMER:
A b ro a d ,  s t r u c t u r e l e s s  f l u o r e s c e n c e  i s  o b se rv ed  a t  23000cm * 
f o r  1 - n a p h th o lc  a c id  i n  n o n - p o la r  s o lv e n t  media such  a s  3 -m e th y lp e n ta n e  
o r  m e th y lc y c lo h e x a n e .  The f lu o r e s c e n c e  s p e c t r a  o f  such  a sy s tem  a r e  
shown i n  F ig u re  3 a s  a f u n c t i o n  o f  c o n c e n t r a t i o n .  We a r e  o f  th e  
o p in io n  t h a t  th e  lo n g  w a v e le n g th  f lu o r e s c e n c e  i s  l a r g e l y  o f  c r y s t a l l i t e  
o r i g i n  f o r  th e  f o l lo w in g  r e a s o n s :  The 23300cm ^ lu m in e sc e n c e  i s  th e
s o l e  f l u o r e s c e n c e  p r o c e s s  o f  s i n g l e - c r y s t a l l i n e  and powdered
1 - n a p h th o i c  a c i d  s a m p le s ;  th e  23300cm * f l u o r e s c e n c e  i s  o b se rv ed  o n ly
_  2
a t  h ig h e r  c o n c e n t r a t i o n s  ( i . e . ,  c £ 10  m /1) under  c o n d i t i o n s  where
s c a t t e r i n g  t e c h n iq u e s  i n d i c a t e  th e  p r e s e n c e  o f  s l i g h t  t u r b i d i t y ;  and 
th e  lu m in e s c e n c e ,  w h ich  i s  o f  e x c lm er  n a t u r e ,  p e r s i s t s  a t  77°K w here 
d i f f u s i o n - c o n t r o l l e d  p r o c e s s e s  a r e  n o t  v e r y  l i k e l y .
14The lu m in escen c e  i s  th o u g h t  t o  be an  e x c lm e r  e m is s io n  
f o r  th e  fo l lo w in g  r e a s o n s :  (1 )  The band re m a in s  b ro ad  and s t r u c t u r e ­
l e s s  a t  a l l  t e m p e r a t u r e s :  ( i i )  The e n e rg y  d i f f e r e n c e  ^  ^ 1 ^
- 23300 -  6600 cm \  i s  i n  good a c c o rd  w i t h  th e  ~6000cm * e x p e c te d  by
Figure 3 F lu o r e s c e n c e  s p e c t r a o f  1- n a p h th o i c
( 1 ) 3 .1 6 X l O '^ l I n MCH
( 2 ) 6 .32 X i o " 4m i n MCH
(3) 1 .5 8 X lO” 3*! i n MCH
(4 ) 4 .4 2 X 10" 3M i n MCH
(5) 5 .89 X i o _3m i n MCH
( 6 ) 8 .8 4 X i o _3m i n MCH
(7) S in g le c r y s t a l
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B i r k s ^  f o r  an  ex c lm er  p r o c e s s  and o b se rv ed  f o r  n a p h t h a l e n e :  ( 1 1 1 )
The d im e rs  In  th e  1 - n a p h th o ic  a c i d  c r y s t a l  a r e  a r r a n g e d  In  p a r a l l e l  
f a s h i o n  a s  shown I n  F ig u r e  4 and a t  an  e x t r a - o r d i n a r i l y  sm a l l  p e r ­
p e n d i c u l a r  i n t e r p l a n a r  d i s t a n c e  o f  3 .5 4 ^ .  The s i m i l a r  d i s t a n c e  i n
2 - n a p h t h o i c  a c i d ,  w h ich  does  n o t  e x h i b i t  t h i s  lo n g -w a v e le n g th
e m is s iv e  p r o c e s s ,  i s  ~5 .0oX . P r i o r  c o n s i d e r a t i o n s  i n d i c a t e  t h a t  such
14a c r y s t a l l i n e  s i t u a t i o n  ough t t o  e x h i b i t  e x c lm e r  f l u o r e s c e n c e ;  ( l v )
The *La -  *1̂  s p l i t t i n g  c r i t e r i o n  o f  F o rs te r*** ’ i s  f u l f i l l e d  t o  a
v e r y  h ig h  d e g re e  i n  t h e  1 - n a p h th o i c  a c i d ,  w here t h e  *L^ *- *1^  band
i s  a lm o s t  o c c lu d e d  b e n e a th  th e  *L *T, ban d .  By c o n t r a s t ,  t h i sa 1 '  ’
same s p l i t t i n g  i n  2- n a p h t h o i c  a c id  i s  r e a d i l y  m e a su ra b le  t o  be 
~4000cm *, and t h i s  a c i d  does  n o t  form an e x c lm e r .  I n  2 - m e t h y l - l -  
n a p h th o ic  a c i d ,  th e  *Lg -  *L^ s p l i t  i s  a g a i n  sm a l l  (~1500cm *) bu t  
s t e r i c  f a c t o r s  p r o b a b ly  i n h i b i t  t e t r a m e r i c  e x c lm er  f o r m a t io n .
DELAYED TETRAMERIC EXCIMER FLUORESCENCE:
The e x c lm er  f lu o r e s c e n c e  e x h i b i t s  a d e la y e d  component
— 2 • 3 owhose i n t e n s i t y  i s  10  - 10  t h a t  o f  th e  f a s t  component a t  77 K.
T h is  d e la y e d  com ponents ,  a s  shown i n  F ig u r e  5 (A ), i s  b i e x c i t i o n i c
in  n a t u r e .  F u r th e rm o re ,  th e  o b se rv ed  l i f e t i m e  o f  t h i s  d e la y e d
e x c im er  p r o c e s s  a t  77°K i s  8 . 6  x 10 ^s and i s ,  w i t h i n  e x p e r im e n ta l
_ o
e r r o r ,  e q u a l  t o  ^ o f  th e  p h o sp h o re sc e n c e  l i f e t i m e  o f  1 . 8  x 10 s 
[See F ig u re  5 (B ) ] .  The c r y s t a l  p h o sp h o re sc e n c e  a l s o  e x h i b i t s  a 
m inor d ecay  component f o r  w hich  Tp 2: io  *s and w h ich  we a t t r i b u t e  
t o  d e f e c t s .
The d e la y e d  ex c im er  p ro c e s s  i s  o f  t r i p l e t - t r i p l e t
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F igu re  ^ . The r e l a t i v e  o r i e n t a t i o n  of  two dimers  i n  the  c r y s t a l  of 
1 -n a p h th o ic  a c i d s .
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F ig u r e  5. (A) lo g  I  v e r s u s  lo g  I p f o r  1 - n a p h th o ic  a c id  s i n g l e
c r y s t a l  a t  77°K.
(B) Com parison o f  d eca y  t r a c e s  f o r  d e la y e d  ex c im er  
f lu o r e s c e n c e  and p h o s p h o re s c e n c e  o f  a s i n g l e  c r y s t a l  o f  
1 - n a p h th o ic  a c id  a t  77°K.
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annihilative origin. This conclusion follows from the above
o b s e r v a t i o n s  and i s  f u r t h e r  s u b s t a n t i a t e d  by th e  t y p i c a l
19
te m p e r a tu r e  d ependency  d a t a  o f  F ig u r e  6 . The i n t e n s i t y  o f  th e
d e la y e d  e x c im er  f l u o r e s c e n c e  m axim izes  a t  122°K, w here  th e
p h o sp h o re sc e n c e  i n t e n s i t y  i s  d e c r e a s i n g  most r a p i d l y .  F u r th e rm o re ,
t h e  l i m i t i n g  h l g h - t e m p e r a t u r e  s lo p e  o f  th e  l n C l ^ - / ! - ,  ) v e r s u s  1/T
D U  r
p l o t  y i e l d s  a band gap o f  4200cm i n  good a c c o rd  w i th  th e excim er
-  T j gap w hich  l i e s  i n  th e  ra n g e  5200 -  3100 cm
CONCLUSIONS
1. N ap h th o ic  a c i d s  e x i s t  a s  d im ers  i n  n o n - p o la r  s o lv e n t s  
and  a s  s o l v a t e d  H-bonded monomers i n  p o l a r  s o l v e n t s .  The d im e rs  and 
monomers e x h i b i t  b o th  f l u o r e s c e n c e  and p h o s p h o re s c e n c e .  The e x t e n t  
o f  c o n j u g a t io n  be tw een  th e  c a rb o x y l  group  and th e  r i n g  - -  w h ich ,  i n  
t u r n ,  i s  d e te rm in e d  by th e  d e g re e  o f  c o p l a n a r i t y  o f  t h e s e  two g roups  
- -  d e t e r m in e s  th e  e n e r g i e s  o f  a b s o r p t i o n  and e m is s io n .  C o n s e q u e n t ly ,  
i t  has  been  shown t h a t  c o p l a n a r i t y  i s  a f f e c t e d  by d i m e r i z a t i o n ,  
p e r i - i n t e r a c t i o n s  and s t e r i c  e f f e c t s  due t o  o t h e r  r l n g - s u b s t i t u e n t s .
2 . 1 - N ap h th o ic  a c i d  form s t e t r a m e r i c  e x c lm e rs  i n  th e  
c r y s t a l  and t h i s  e x c lm e r  p r o v id e s  th e  s o l e  f l u o r e s c e n c e  r e l a x a t i o n  
p r o c e s s  i n  t h e  c r y s t a l .
3. 1 -N a p h th o ic  a c id  a l s o  e x h i b i t s  a d e la y e d  e x c im e r  
f l u o r e s c e n c e  o f  th e  t e t r a m e r .  I t  h a s  been  shown t h a t  t h i s  d e la y e d  
e v e n t  i s  o f  t r i p l e t - t r i p l e t  a n n i h i l a t i v e  o r i g i n .
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F ig u r e  6 . (A) The te m p e r a tu r e  dependency  o f  d e la y e d  e x c lm er
f l u o r e s c e n c e  i n t e n s i t y ,  Ijjgj.* a " d p h o s p h o re s c e n c e  i n t e n s i t y ,
I p ,  o f  a c r y s t a l  o f  1 - n a p h th o ic  a c i d .
2
(B) S e m i- lo g  p l o t  o f  I ^ ^ / l p  v e r s u s  1 /T .  The l i m i t i n g  
h ig h - t e m p e r a tu r e  s lo p e  i s  i n d i c a t e d  by a d ash ed  l i n e .
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